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I. I PURPOSE AND SCOPE

The purpose of the Entry Navigation Level C document is to present the detail

level requirements for those navigation functions which are operative during the

entry through landing portion of the orbital flight test (OFT). The navigation

functions are those specified in the GN&C Level B OFT functional level require-
ments document, SS-P-0002-510I.

1.2 ORGANIZATION

The applicable documents are listed in Section 2. An overview of the navigation

program is described in Section 3 and Section 4 presents the detail level require-

ments of the document. Each subsection of Section 4 which describes a principal
function is structured as follows:

o Text

o Input parameter table

o Output parameter table

Table 1.3-I lists the symbols used in the tables.

TABLE 1.3-I.- SYMBOLS USED IN INPUT/OUTPUT/

CONSTANTS TABLES

! Symbol ! Description !

! CHAR ! Character string !

! D ! Discrete !

! DIP ! Display interface processor !

! DP ! Double precision !

! F ! Scalar, floating point !

! I ! Integer !

! M ! Matrix !

! S ! Single precision !

! V ! Vector !

! ! !

The tab]es which present the parameters for principal function interfaces are

given in Appendix G.

I-I



78FM56

2.0 APPLICABLE DOCUMENTS

! ! ! ! !

Document no. ! Originator !
! !

Title ! Issue Date !
! !

! !! !

tl

! JSC Internal !
! Note !

! No. 75-FM-80 !
! !

! !
! !

! SS-P-0002-510I !
! !

! !
! SS-P-0002-520 !

! !
! !
! SS-P-0002-530 !
! !

! !
! !

! SS-P-0002-540 !
! !

! !

! SS-P-0002-550 !

! !
! !

! !

! SS-P-0002-560 !

! !
! !

! SS-P-0002-570 !
! !

! !

! SS-P-0002-580 l

l l

! !

NASA ! Shuttle Program Postentry ! December 4, 1975 !

! SDR Navigation Input to ! !
I Level C OFT Navigation l !

! Functional Subsystem ! !
! Software Requirements ! !
l ! !

! OFT Functional Level ! April 28, 1978 !

I Requirements, GN&C ! !
l ! !

! OFT Detail Level Require- I !

I ments, GN&C ! !
! ! !

! OFT Functional Level ! !

I Requirements, Systems ! !
I Management ! !
! ! !

! OFT Detail Level Require- ! !

I ments, Systems Management ! !
l ! !

l OFT Functional Level ! !

I Requirements, Vehicle ! !
! Utility-02 ! !
! ! !

! OFT Detail Level Require- ! !
! ments, Vehicle Utility-02 ! l
! ! !

! OFT Functional Level ! !

! Requirements, Payloads ! !
! ! !

l OFT Detail Level Require- ! !

I ments, Payloads ! !
! l !
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3.1 SOFTWARE LEVEL REQUIREMENTS

For the orbital flight tests (OFT), the software requirements are specified at
three levels: system Level (A), functional Level (B), and detail Level (C). In

addition, the Level B and C requirements are presented in separate documents for

the four major functions: guidance, navigation, and control (GN&C); system man-

agement (SM): vehicle utility (VU) and payloads (PL). This document is part of

the GN&C Level C requirements.

3.2 GN&C SOFTWARE FUNCTIONS

The software for the GN&C major function is composed of the following functions:

o Guidance (GUID)

o Navigation (NAV)

o Flight Control (FC)

o Redundancy management/moding, sequencing, and control (RM/MSC)

o Subsystem operation programs (SOP)

o Displays and controls (D&C)

o Other

This document specifies the software detail level requirements for the naviga-

tion function during the entry operational sequence (OPS-3) phase of the flight.

3.3 NAVIGATION SYSTEM OVERVIEW

The basic function of the navigation system is to provide an estimate of

the Orbiter state, based on either inertial measurement unit (IMU) only or
IMU-NAVAID data.
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3.3.1 Navigation Functions

In general, the navigation software requirements can be divided into two parts:

part (a) navigation and part (b) user parameter processing. Part (a) is
divided into the following six functions:

(I)

J (2)

Navigation Control. Performs the initialization of navigation function pa-

rameters and sets up the sequencing of functions to accomplish navigation
requirements.

Measurement Scheduler. Selects the appropriate sensor measurements in ac-

cordance with selection criteria.

(3)

(4)

(5)

(6)

Data Handler. Prepares data for sensor measurement processing.

Navigation Reconfiguration. Initializes state vector and covariance matrix

for sensor measurement processing or manual updates and prepares site loca-

tion data for changing sensor sites.

Navigation State and Covariance Propagation. Propagates state vector with

IMU data and covariance matrix by means of the state transition matrix for

subsequent sensor measurement processing.

Navisation State and Covariance Update. Determines and performs (by means

of a Kalman filter scheme) state and covariance updates based on the mea-

surements from barometric altimeter, TACAN, MSBLS and pseudo-altitude mea-
surements derived from IMU data.

Part (b) is divided into the following two functions:

(i)

(2)

User Parameter State Propagation. Propagates the state at a faster rate

than Nay for user parameter calculations. The user parameter state is

updated with the most recent Nay updated state.

User Parameter Calculations. Computes state-related parameters for other
GN&C functions.

In this document, the details of Part (a) are presented under three principal
functions:

(I) Deorbit/Landing Navigation Sequencer (Section 4.1.1).

(2) Entry Navigation (Section 4.3.1) and

(3) Preland Navigation (Section 4.3.2).

In a similar manner, the details of Part (b) are presented under four principal

functions:

(I) Deorb_t/Landing User Parameter Processing Sequencer (Section 4.1.2).

(2) Entry User Parameter Processing (Section 4.6.1).
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(3) TAEMUser ParameterProcessing (Section 4.6.2) and

(4) Autoland User ParameterProcessing (4.6.3)

In addition, the flow charts for each function are presented in AppendixB for
Part (a) and in AppendixF for Part (b). Theseflow charts are not to be
construed as requirements, but rather as examplesof howthe requirements stated
in the text maybe implemented.
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3.3.2 Navigation-Related Functions

The navigation-related function, area navigation, supports the horizontal situa-

tion indicator (a dedicated display device) by computing directions and dis-

tances to defined way points as well as nominal course and glidepath deviations.
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3.3.3 General Requirements

This section discusses software requirements in the categories of service, single-

use, or multiple-use that are not uniquely related to the navigation function.

The general requirements include, but are not limited to, the following:

Coordinate transformations (this publication contains transformations required

for navigation)

Entry precise predictor

Entry site lookup

Entry auto TACAN selection

g
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3.3.4 Requirements and Assumptions Overview

The following two sections present an overview of the requirements and assump-

tions of the OFT entry through landing GN&C navigation-related software.

The navigation software requirements and assumptions as presented make state-

ments about the performance of non-navigation functions. Completion of the

software requirements will require adequate definition of the timing and data

time-tagging mechanization and the Input/Output Processor (IOP) mechanization.

Changes in the navigation software requirements may be necessary, depending on

actual implementation of the non-navigation functions.

3.3.4.1 Requirements

The following statements are grouped under six general categories and represent

the navigation requirements which must not be violated. To illustrate the re-

quirements, references are made to the flow charts in Appendix B. Requirements

concerning:

a. Definition of State Vector

(I) The six elements of the navigated state vector consist of the position

and the velocity of the Shuttle navigation base point in M50
coordinates.

b. Kalman Filter Equations

(I) Filter statistics are in double precision so that the quadratic form of

the Kalman filter can be used.

c. Input Data

(i) Statements that snap data upon entry into navigation shall be such that

a timewise consistent set of data is obtained before the set of data is

used. The time tag is assumed to be in mean solar seconds from the

beginning of the year in which the mission is launched.

(2) The redundancy management selection filter must provide navigation with

the total accumulated sensed velocity in M50 coordinates.

(3) Selected sensed velocity data are used without reference to the IMU
DATA GOOD flags.

(4) Data from all sensors will be collected at the beginning of each filter

cycle, so that they are timewise as close to each other as possible.

The sensor data snap functions should not be interrupted by other pro-

grams until they are completed.
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d. Output Data

(I) During the time when a state vector is being read by non-navigation ap-

plication software, that state vector or portions thereof will not be

updated by the navigation software. The reset equations in the user

parameter propagator shall be so protected.

e. Sensor Data Processing

(I) Both automatic and manual capability will be available for selecting

navigation sensors for navigation processing.

(2) Sensor read boxes refer to picking up of sensor data from appropriate

locations. The sensor data and the time tag (GMT elapsed time in

seconds) must be consistent.

(3) The navigation sensor read functions should not be interrupted by other

programs until they are completed.

(4) There will be a manual override of the filter residual edit for TACAN

and barometric altimeter sensors and drag altitude measurement

processing.

f. Update of State Vector and Covariance Matrix

(I) The processing of a measurement to update the state vector and the

covariance matrix must be completed before the processing of the next

measurement is started (NAV FILTER).

(2) Processing of all measurements available at a given filter cycle will

be completed before starting the next filter cycle.

3.3.4.2 Assumptions

The following statements are grouped under four general categories and represent

assumptions used for the navigation formulations; they are reflected in the

flow charts given in Appendix B. Assumptions concerning:

a. State Vector

(I) All states will be integrated in entry navigation without regard

to failures.

(2) A whole vector (M50 coordinates) update to the onboard state may

be command uplinked from the ground during OPS-3.

(3) A delta state vector (runway coordinates) correction update from

ground calculated data may be performed either directly via ground

command uplink or manually via keyboard entry by the crew during

OPS-3.
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,:1)

(2)

(:._)

(4)

)nlF during _301 (predeorbit coast) is there a provision for transition

to 0PS-2 from OPS-3. One state vector is provided for this transition.

During the entry navigation phase there is a provision for transition

fr¢,m _ 303 (preentry monitor) to _ 301 (predeorbit coast).

Three state vectors are maintained in OPS-3 by navigation until the

preland phase; thereafter, one state vector is maintained.

The navigation sequencer never returns to entry NAV (three states) once

the preland NAV (one state) has been selected.

5) Automatic criterion for the switch from entry NAV to preland NAV is

that MSBLS is indicated to be available at the landing site and MSBLS

range and azimuth data are indicated as valid.

Sensor Data Processing

General

(I) No manual capability to override sensor data-good flags exists within

the navigation software. Such override, if any, will be through the

redundancy management or selection filter functions. Data will be

presented to the filter for processing only if the data-good flag is

set to ON.

(2) Data presented to the filter will be incorporated into the state vector

and eovariance matrix only if the residual edit test is passed or if
the sensor force switch is set.

IMU

(I)

(2)

BARO

Once an IMU fails, its state vector is lost for the duration of the

entry. There is no direct capability to transfer state vectors

from slots associated with nonfailed IMU's to slots associated with

"healed" IMU's. Such a capability exists indirectly by the crew's per-

formance of a zero-delta manual update.

The change in IMU-sensed velocity is used to calculate the sensed ac-

celeration due to aerodynamic forces. This acceleration is then

employed to compute a pseudo-altitude measurement (drag altitide).

(I) The BARO probe is assumed to be at the navigation base.

(2) Barometric data processing may be performed with TACAN data processing.

(3) Drag altitude measurement processing is not performed with barometric

data processing.
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The capability exists to process only TACAN range or only TACAN

bearing.

(2) The RM will supply a separate data good for TACAN range and bearing; RM

will also set the appropriate data-good to bad if either range or
bearing is not locked up.

(3) Drag altitude measurement processing may be performed with TACAN data

processing.

(4) There is no on-board antenna location correction for TACAN range and

bearing measurements.

MSBLS

(I) The RM sets a data-good for each of the MSBLS measurements.

(2) All MSBLS onboard antennas are assumed to be collocated.

(3) There is no on-board antenna location correction for MSBLS range and az-

imuth measurements.

Site Lookup Data

(I) Runway and TACAN site location data will be loaded prior to launch for

a possible AOA entry. Software must exist in OPS-2 to redefine the pa-

rameters for a nominal entry.

O
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3.4 TRACEABILITY

Table 3.4-I shows the traceability of the software segments in the FSSR Level C

with respect to the CPDS Level B, April 28, 1978, issue.

TABLE 3.4-I.- SOFTWARE REQUIREMENT TRACEABILITY

! !

! CPDS Level B !

! section no. i

i 7
Software segment

! FSSR Level C !

! section no. !

!
! !

! 4.123 ! Deorbit/Landing Navigation Sequencer
! !

! 4.214 ! Deorbit/Landing User Parameter Processing
! ! Sequencer
! !

! 4.127 ! Entry Navigation
! I

! 4.144 ! Preland Navigation
! !

! 4.124 I Entry Site Lookup
! I

! 4.223 ! Entry Precise Predictor

! 4.239 ! Entry Auto TACAN Select
i i

I 4.23 ! Entry User Parameter Processing
! i

! 4.24 ! TAEM User Parameter Processing
! I

! 4.25 I Autoland User Parameter Processing
! I

I 4.220 ! Entry Area Navigation Processing
! I

!

! 4.1 .I

!

! 4.1.2

!

! 4.3.1
!

! 4 3.2
!

! 4 5.2

! 4 5.3

!

! 4 5.4

!

! 46.1

!

! 4 6.2

I

! 4.6.3

!

! 4.7

!

D

3.5 OPS-3 OPERATION SEQUENCE MAJOR MODES

Table 3.5-I identifies the major modes for the OPS-3 operation sequence as

referenced in Section 4, Detail Level Requirements, and Appendices B and F.

Detailed descriptions may be found in the Level B CPDS, April 28, 1978, issue.
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TABLE3.5-I.- OPS-3OPERATIONSEQUENCEMAJORMODES

! Major modeno. ! Major modename !

! ! !
! 301 ! Predeorbit coast !
! ! 7
! 302 ! Deorbit execute !
! ! !
! 303 ! Preentry monitor !

! 304 ! Entry !
! ! t
! 305 ! TAEM/landing !
! ! !

78FM56

3.6 IMPLEMENTATION CONSTRAINTS

The navigation subsystem design is capable of recovering from the effects of

many transient-type errors. Accordingly, the software design shall not preclude

this capability by causing a program halt, permanent discontinuance of naviga-

tion processing, or loss of protected data as a result of program check or error
interrupts.

Check or error interrupts shall be prevented by software safeguards, or standard

fixup and error returns shall be provided which are appropriate in the naviga-
tion function as described below.

3.6.1 Floating Point Overflow

The task in process should be terminated and the previous stored value of the
variable retained.

3.6.2 Floating Point Under!low

This may be treated in the same manner as floating point overflow, or the vari-

able may be set to zero and processing continued.

Q 3.6.3 Divide by Zero

This should be treated in the same manner as floating point overflow.

3.6.4 Square Root

The square root of a negative number should be treated in the same manner as

floating point overflow.
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3.6.5 Arc Sine

If the argument is greater than +I, a value of _/2 should be returned. If the

argument is less than -I, a value of -_/2 should be returned. In either case,

processing shall not be terminated.

3.6.6 Arc Cosine

If the argument is greater than +I, a value of zero should be returned. If the

argument is less than -I, a value of _ should be returned. In either case,

processing shall not be terminated.

3.6.7 Arc Tangent

If both arguments are zero, a value of zero should be returned.

3.6.8 Lpgarithm

If the argument of the logarithm function is negative or zero, the task in pro-

cess should be terminated, and the previous value of the result retained.

3.6.9 Sine and Cosine

The returned value of sine and cosine functions should be limited to +I, and the

functions shall be capable of accepting any valid floating point numbers as

arguments.
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4.0 DETAIL LEVEL REQUIREMENTS

The various subsections of this section specify the detail level requirements

for the Shuttle navigation system flight software package.

When viewed in the larger context of the total Shuttle flight software, the navi-

gation software package documented herein is, itself, a modular system whose

function is to supply various parameters required by other major modular systems

such as guidance, displays, flight control, and others. The requirements placed

upon the navigation system by these various users often play a large role in

determining the design structure and cyclic rate structure of the navigation sys-

tem. The required interfaces between the navigation system and the other major

software systems that use navigation system data are presented in Appendix G.

q
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4.1 NAVIGATION AND USER PARAMETER SEQUENCER PRINCIPAL FUNCTIONS

The sequencer principal functions shall initialize and sequence the proper navi-

gation and user parameter principal functions to meet navigation and user re-
quirements.

4.1-I
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4.1.1 Deorbit/Landing Navigation Sequencer

The deorbit/landing navigation sequencer principal function will initialize and

sequence the navigation principal functions from the predeorbit coast major mode

through the autoland major mode. Detailed requirements for each navigation

principal function are identified in the specific principal function
descriptions.

Cues for performing the proper navigation initialization and sequencing during

0PS-3 may be available in the form of event flags as defined in the Level B GN&C

CPDS. The particular events pertaining to the deorbit/landing navigation

sequencer are shown in Table 4.1.1-I, together with associated navigation

actions. For the purpose of discussion in this section, the action of canceling

a function shall mean that the function is permitted to complete an in-progress

execution and that subsequent initialization computations are not performed

before the canceled function has completed final execution. Variables

interfacing with this principal function are identified in Appendix G.

Ao Detailed requirements. For OFT deorbit through landing (OPS-3), navigation

requirements can be divided into four navigation phases: deorbit

preparation, deorbit execute, entry, and preland. (For definitions of
variables, see input and output Table 4.1.1-2 and 4.1.1-3.)

(1) Deorbit preparation navigation phase - The deorbit preparation naviga-

tion phase will begin upon entry to the predeorbit coast major mode

(301). This will use the entry navigation principal function. If major

mode 301 is entered through initiation of the entry operational se-

quence, the deorbit/landing navigation sequencer will provide the capa-

bility to initialize the three state vectors, covariance matrix, and

other required navigation parameters on the basis of one-state data

obtained from protected computer locations unaffected by the computer

program reconfiguration from the ascent or on-orbit to entry operational

sequence.

Prior to the initialization of the three-state vectors, a capability

will be provided to obtain past values for the total accumulated veloc-

ity sensed by the IMU's (V LASTFILTONE, V LASTFILTTWO, V LASTFILT

_THREE), previous value of selected total accumulated sensed IMU veloc-

ity (V _LASTFILT), and the associated time tag (T_LAST_FILT). Then the

state vector from the previously exercised operational sequence will

be propagated to the current time by using the entry precise predictor

principal function (Section 4.5.1). The input variables required

by this function will be equated as follows prior to its execution:

GMD PRED = 4

GMO PRED : 4

DT MAX = DEL TIME STEP

R INIT : R FILT INIT
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V INIT : V FIL_ INIT

T INIT = T FILT INIT

T FINAL: T LASTFILT
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The state vector R _FILT_ONE,V _FILT_ONEand the gravity vector,
_RESET,shall be equated to the propagation state vector and the total

acceleration vector, respectively.

R FILT ONE= R FINAL

V FILT ONE= V FINAL

G RESET: G FINAL

The remaining two state vectors are to be initialized and the three
state operation is to be indicated by

R FILT TWO= R FILT ONE

R FILT THREE= R FILT ONE

V FILT TWO= V FILT ONE

V FILT THREE= V FILT ONE

NAVTHREESTATE= ON

The position vector associated with the current covariance matrix is to
be initialized as

R COVLAST= R FILT ONE

Theuser parameterstate propagation subfunction (Section 4.4.1) will
be initialized as

_RESET= R _FILT_ONE,V _RESET= V _FILT_ONE

_IMU_RESET= V _LAST_FILT,TRESET: T_LAST_FILT

FILTUPDATE= ON

If the predeorbit coast major modeis entered from the on-orbit opera-
tional sequence,the 6 by 6 covariance matrix is to be initialized by
exercising the subfunction covariance matrix initialization (Section
4.2.9) with variables required therein defined by

SIG: SIGDIAGUVWINIT

C0R: CORRCOEFFINIT

4.1.1-2
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R : R FILT ONE

V : V FILT ONE

whereSIG_DIAGUVWINIT andCORR_COEFF_INITare parameters computedby
OPS-2software (ORB/RNDNAVSEQ)prior to the OPSreconfiguration.

If the predeorbit coast major modeis entered from OPS-I (Events 59 or
A20), the covariance matrix will be initialized as described abovebut
SIG DIAGUVWINIT and CORRCOEFFINIT are defined by premission-loaded
constants. - - - -

Execution of the user parameterstate propagation is to be enabled by
setting

OPS_3_INITIALIZE_COMPLETE: ON

Finally, a flag is set to indicate OPS-3initialization complete.

OPS_3_RECONFIGURE: ON

If Major Mode301 is entered from Major Mode302 or 303, the
deorbit/landing navigation sequencershall provide the capability to
cancel the current entry navigation principal function.

After completion of any in-progress execution, the capability will be
provided for sequencingthe entry navigation principal function at the
designedrepetition rate.

The capability also will exist to return to the on-orbit operational
sequence(OPS-2)from the deorbit preparation navigation phase. In the
event of a return to OPS-2,entry navigation will be canceled and
required OPS-2single-state initialization will be obtained prior to
data being transferred into or contained in computerlocations that
will be unaffected by this operational sequencetransition:

R FILT INIT : R FILT

V FILT INIT = V FILT

The time associated with the current Shuttle state vector and
covariance matrix will be defined as:

T FILT INIT : T LASTFILT

In addition to saving the required single state parameters, the
covariance matrix of Orbiter position and velocity shall also be saved
by conversion into UVWstandard deviations and correlation
coefficients, by calling the COV_INITUVW_INVERSEsubfunction

4.1.I-3
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COVINIT UVWINVERSE

E,R _FILT_INIT, V _FILT_INIT

SIG DIAGUVWINIT,_CORR_COEFF_INIT

The detailed requirements of the abovesubfunction are specified below:

a. Theinput parametersare re-namedfor local usage

INLIST: E_TEMP,R,

b. Compute a transformation matrix from UVW to M50

M : UVW TO M50 (R, V)

c. Transform the input covariance matrix from M50 to UVW coordinates

da

E-TEMPI to 3, I to 3 : MT E-TEMPI to 3, I to 3 M

E-TEMP4 to 6, 4 to 6 : MT E_TEMP4 to 6, 4 to 6 M

E-TEMPI to 3, 4 to 6 = MT E_TEMPI to 3, 4 to 6 M

Compute standard deviations

SIGI = _IETEMPI, I for I = I, 6

e. Compute selected correlation coefficients

F4

COR I : E_TEMP I

COR 2 : E_TEMP I

COR 3 : E TEMP I

COR 4 : E_TEMP 2

COR 5 : ETEMP 2

COR e = E_TEMP 3

COR 7 : E_TEMP 4

2/(SIGI SIG 2) F3

4/(SIGI SIG 4) F3

5/(SIGI SIG 5) F3

4/(SIG 2 SIG 4) F3

5/(SIG2 SIG 5) F3

6/(SIG 3 SIG 6) F3

5/(SIG4 SIG 5) F3

F3-This equation shall be protected against division by zero (Reference 3.6.3).

F4-This equation shall be protected against square roots of a negative number
(Reference 3.6.4)
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f. The output parameters are defined

OUTLIST: SIG, COR

where SIG is a 6 by I vector, and _COR a 7 by I vector, defined as
fo ll ows :

SIG I U position standard deviation

SIG2, V position standard deviation

SIG 3 W position standard deviation

SIG4, U velocity standard deviation

SI_, V velocity standard deviation

SIG6, W velocity standard deviation

COR I U-V correlation coefficient

COR2, U-U correlation coefficient

COR3, U-V correlation coefficient

COR4, V-U correlation coefficient

COR5, V-V correlation coefficient

COR6, W-W correlation coefficient

COR7, U-V correlation coefficient

The following protected variables will then be saved for initialization

of the on-orbit navigation principal function:

! OPS-3

OPS-2 Variable Definition ! Variable Name

!

Current Shuttle position and

velocity vectors used in filter

update computations

Time of current Shuttle state

vectors and covariance matrix

Correlation coefficient to

initialize the covariance matrix

!

! R FILT INIT

! V FILT INIT

!

! T FILT INIT

! CORR COEFF INIT

!

Square root of diagonal elements for! SIG DIAG UVW INIT

covariance matrix initialization !
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Deorbit execute navigation phase - The deorbit execute navigation phase

will begin whenever the deorbit execute major mode (302) is active and

the event flag indicating the deorbit burn is to begin in TBD seconds

is on. This phase uses the entry navigation principal function. The

deorbit/landing navigation sequencer will provide the capability to can-

cel the current entry navigation principal function and to initialize

the deorbit burn flag to ON to prevent measurement processing. The ca-

pability will also be provided for sequencing the entry navigation

principal function at the designated repetition rate.

Major Mass Change Event - E 14A (OMS cutoff) - At the end of the OMS

burn, the drag constant parameter shall be recomputed using the current
mass.

DRAG CONST : 0.5 REF AREA/VEH MASS

This parameter is used in the entry navigation state propagation

subfunction (drag acceleration task, see section 4.2.1.2.2.) and drag

measurement processing (section 4.3.1.7.1).

Entry navigation phase - The entry navigation phase will begin at initi-

ation of the pre-entry monitor major mode (303). This phase will use

the entry navigation principal function. The deorbit/landing naviga-

tion sequencer will provide the capability to cancel the current entry

navigation principal function.

The deorbit burn flag will be set to OFF to enable measurement

processing.

After completion of initialization, the capability will be provided for

sequencing the entry navigation principal function at the designated
repetition rate.

Preland navigation phase - The preland navigation phase will begin

whenever MSBLS is available at the landing site, Major mode 304 or

Major mode 305 is active, and the selected MSBLS range and azimuth data
are valid.

This phase will use the preland navigation principal function.

Upon satisfaction of the transition criterion, repetition of the cur-

rent entry navigation principal function will be cancelled. The flag

indicating three-state-operation will be turned OFF.

NAV THREE STATE = OFF

Fina]ly, a flag is to be set to indicate preland transition complete.

PRELAND TRANSITION : ON

The capability also will be provided for sequencing the preland naviga-

tion principal function at a premission determined repetition rate.
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B.

Interface Requirements. The deorbit/landing navigation sequencer principal

function will be sequenced at least once at the beginning of Major Modes 301

and 303. This principal function will be sequenced at a 0.52-hertz rate

upon entrance to Major Mode 302 until the requirements associated with the

deorbit burn event flag are completed and upon entrance to Major Mode 304

and for Major Mode 305 until the requirements associated with valid MSBLS

data are completed.

C. Processing Requirements. Before the OPS-2 initialization subfunction can be

accomplished, entry navigation must be executed at least once.

D° Constraints. Calculation of DRAG CONST after OMS cutoff shall not interrupt

operations of the entry navigation principal function. OPS 3_RECONFIGURE and
PRELAND TRANSITION shall be initialized to 'OFF'.

E. Su__lemental Information. A suggested implementation of these requirements

is illustrated in Appendix B, DEORBIT/LANDINGNAV_SEQUENCER.

q
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TABLE 4.1.1-I.- OPS-3 LEVEL B EVENTS

! ! ! ! !

! Event ! ! ! !

! No.* ! Event Name ! Nav Criteria ! Nav Action !

! ! ! ! !

! OPS transition to ! OPS transition to ! OPS transition initiali- !

! OPS-3 (MM301) from ! OPS-3 (MM301) from ! zation. Initiate entry

! OPS-2 ! OPS-2 ! navigation (deorbit
! ! ! preparation phase).

! OPS transition to ! OPS transition to ! Same as above.

! OPS-3 (MM301) from ! OPS-3 (MM301) from !

! OPS-I (MMI06) ! OPS-I (MMI06) !

! OPS transition to ! OPS transition to ! Same as above.

! OPS-3 (MM301) from ! OPS-3 (MM301) from !

t

! Reduce three-state to

! one-state and save off

! OPS-2 initialization

! data.

! Cancel entry navigation

! (deorbit preparation

! phase). Initiate entry

! navigation (deorbit

! execute phase.)

!

! OPS-I (MMI05) ! OPS-I (MMI05)

! 7

! OPS transition to ! OPS transition to

! OPS-2 from OPS-3 ! OPS-2 from OPS-3

! !

! Initiate power ! Deorbit maneuver

! flight navigation ! begins in TBD

! ! seconds

! !

! Mode transition to ! Mode transition to ! Cancel entry navigation

! (deorbit execute phase). !

! Initiate entry navigation!

! (deorbit preparation !

! phase). !
! !

! Compute drag constant !

! event (OMS cut off)! event (OMS cut off)! with the current mass of !

! ! ! the Shuttle. !

! ! ! !

! Mode transition to ! Mode transition to I Cancel entry navigation !

! 85

! 59
!

!

! A20

! El

!

!

!

!

! El IA

!

!

!

!

! EIO

! ! 301 from 302 ! 301 from 302

! ! !

! E14A ! Major Mass Change ! Major Mass Change

! E15

! ! 303 from 302 ! 303 from 302 ! (deorbit execute phase). !

! ! ! ! Initiate entry navigation!

! ! ! ! (entry phase). !

! ! ! ! !

! ! ! I !

! ! ! ! !

! ! ! ! !
! ! ! ! !

! ! ! ! !
! ! ! ! !

1t
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! !
! Event !
! No.n !
! l

Event Name

I !
! !

! Nay Criteria !

! !

Nav Action

! E16B

!

!

!
!

! E20

! Mode transition to ! Mode transition to I Cancel entry navigation

1 301 from 303 1 301 from 303
! !

! I

! I

l Three-state to one-[ MSBLS range and

! state switch ! azimuth valid.
! ]

!

! *Current Level B event numbers.

!

! (entry phase). Initiate !

! entry navigation (deorbit!

! preparation phase). !
I !

l Cancel entry navigation !

I (entry phase). Initiate !

! pre-land navigation. !
!

!
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4.1.2 Deorbit/Landin_ User Parameter Processing Sequencer (4.214)

This principal function shall provide a capability for initialization and con-

trol of those principal functions and subfunctions associated with the computa-

tions of user parameters during the deorbit through landing operational se-

quence. These consist of the entry, TAEM, and autoland user parameter

processing principal functions. This sequencer also will provide initialization

and control of the HSI processing principal function.

Events to be used as cues by the sequencer for performing the required

initialization and sequencing are defined in the Level B GN&C CPDS. The particu-

lar events and a summary of the associated user parameter actions pertaining to

the deorbit/landing user parameter sequencer are given in Table 4.1.2-I.

A. Detailed Requirements. The deorbit/landing user parameter processing

sequencer shall be initiated upon the occurrence of any of the following
events:

(I) OPS transition to OPS-3 from OPS-2.

(2) OPS transition to OPS-3 from OPS-I.

This sequencer shall be terminated upon transition from OPS-3 to OPS-2 or

upon transition to OPS-9. The initiation and termination of this principal

function are controlled by MSC.

The following paragraphs specify the detailed requirements summarized in

Table 4.1.2-I. These requirements specify, for each of the event cues to be

utilized by the sequencer, the actions that the sequencer is to initiate.

OPS 3 INITIALIZE COMPLETE - OPS transition to OPS-3. Based upon this cue,

cyclic execution of the user parameter state propagation function (section

4.6.1.1) shall commence at a repetition rate of 0.52 Hertz, and Earth-fixed

_cordinatc system computations (Section 4.6.1.5) shall be initiated at a

repetition rate of 0.52 Hertz.

I_VENT E3 - Major mode transition from 301 to 302. Based upon this cue, the

Earth-fixed coordinate system computations shall be cancelled.

EVENT E11 - Guidance initiate. Based upon this cue, the current scheduling

of user parameter state propagation is to be cancelled. Cyclic processing

of the user parameter state propagation is to be rescheduled at a repeti-
tion rate of 1.04 Hertz.

EVENT EI6B - Major mode transition from 303 (preentry monitor) to 301

(predeorbit coast). Based upon this cue, the user parameter state propaga-

tion function shall be rescheduled at a repetition rate of 0.52 Hertz, and

Earth-fixed coordinate system computations shall be initiated at a repeti-

tion rate of 0.52 Hertz.

4.1.2-I
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EVENT E16 - Major mode transition from 303 to 304 (entry). Based upon this
cue, the user parameter state propagation function shall be rescheduled at

a repetition rate of 6.25 Hertz, the basic guidance-related computations for

entry, H_HDOT_ACCVERT and GUIDECOMP (Section 4.6.1.2), shall commence cyclic

execution at a repetition rate of 1.04 Hertz, cyclic execution of the guid-

ance and displays way point computations (Section 4.6.1.3) and TACAN display

computations (Section 4.6.1.4) for entry shall commence at a repetition rate

of 0.52 Hertz, and cyclic execution of the HSI processing function (Section

4.7) will commence at a repetition rate of 1.04 Hertz.

S.

EVENT E21 - Mode transition from 304 to 305 (TAEM). Based upon this cue,

the guidance and displays way point computations for entry shall be cancelled.

TG END - TAEMguidance termination. Based upon this cue, the subfunction

H_HDOT_ACCVERT will be cancelled and cyclic execution of the subfunction

GUIDECOMP shall be rescheduled at a repetition rate of 6.25 Hertz.

Interface Requirements. Input and output parameters for the sequencer are

given in two tables corresponding to the principal function input list and
the principal function output list (see Appendix G).

C. Processing Requirements. None.

D,
Constraints. Cyclic execution of the user parameter propagator shall not be

initiated until initialization of necessary state parameters has been accom-

plished within the D/L navigation sequencer.

E, Supplemental Information. A suggested implementation for these requirements

is illustrated in Appendix F, DEORB_LAND_UPP_SEQ.

The purpose of cancelling and rescheduling the user parameter state propagator

upon the guidance initiate signal is to get the execution of this module in

"sync" with the execution of the deorbit guidance function which is to be

initiated upon this signal. This cancelling and rescheduling process is to

occur "y" seconds prior to OMS ignition such that a subsequent user state update

will occur (as nearly as possible) at the time of OMS ignition.

P
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USERPARAMETERPROCESSINGSEQUENCER
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i

! Event

! flag
!

] ! !

! Event flag ! Action taken by sequencer in !

! description ! response to event flag !
, ! !

t

' OPS_3_
!INITIAL- I execution of UPSP

!IZE COM- !
!PLE-TE !

! !

! !

! !

! ! !

! Signal to enable cyclic! Initiate performance of the (off-orbit)!

! user parameter state propagation func- !

! tion at a repetition rate of 0.52 Hz. !

! Initiate performance of the Earth-fixed!

! coordinate system computations at a !

! repetition rate of 0.52 Hz. !

! !

! EVENT_E3 ! Mode trans, from 301 to! Cancel Earth-fixed coordinate system
' ! 302
' !

! EVENT E11! Guidance initiate

i !

:IEVENT ! Mode transition from

! E16B- ! 303 to 301 (301 =

" _ predeorbit coast)

EVENT E16! Mode transition from

! 303 to 304 (304 :

! entry)

!

! computation. !
I !

! Cancel and reschedule cyclic processing!

I of the user parameter propagation func-!
! tion at a rate of 1.04 Hz. !

! !

! Reduce repetition rate of the user !

! parameter state propagation function to!
! 0.52 Hz. !

! !

! Increase repetition rate of the user I

! parameter state propagation function to!
! 6.25 Hz. !

! !

! Initiate performance of basic guidance-I

! related computations for entry at a !

! repetition rate of 1.04 Hz. !
! !

! Initiate performance of guidance and !

! displays way point computations !

! for entry at a repetition rate of !

! 0.52 Hz. !

! !

! Initiate performance of the HSI pro- !

! cessing function at a repetition rate !
! of 1.04 Hz. !

! !

! Initiate performance of Tacan display !

! computations at a repetition rate of !
! 0.52 Hz. !

! !

! !

! !

! !
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!
[ Event

flag

EVENTE21

TGEND

Event flag
description

Modetransition from
304 to 305 (305 = TAEM)

TAEM guidance termina-
tion

Action taken by sequencer in

response to event flag

!

Cancel the guidance and displays way !

point computations for entry. !
l

Cancel the basic guidance-related com-!

putati0ns submodule, H HDOT ACCVERT. !
I

Increase repetition rate of the basic !

guidance-related computations sub- !
module, GUIDECOMP to a repetition rate !
of 6.25 Hz. !

!

!

I

!

!

!

!

I

!

!

l

I

1

I

I

I

I

I

!

I

!

I

!
I

I

I

I

I

I

I

I
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4.2 SUBFUNCTIONS CO_40N TO SEVERAL NAVIGATION PRINCIPAL FUNCTIONS

This section documents detailed requirements for subfunctions identified as

being common to two or more navigation principal functions or their major

subfunctions. The detailed requirements specified here will be referenced from

the sections to which they are common and, when referenced, may be regarded as

inserts to paragraph A, Detailed Requirements, in these sections.

4.2-1
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4.2.1 State Propagation

This subfunction will perform a number of tasks related to propagation of the

Shuttle state vector. The task of reading (snapping) the IMU's is performed

when the total accumulated sensed velocity is required to account for non-

gravitational accelerations during integration of the equations of motion.

Modeled drag acceleration is computed in those circumstances in which IMU

accumulated sensed velocity is not used. The equations of motion are integrated

with the use of a super-g algorithm designed primarily for powered-flight phases

(i.e., those phases in which appreciable nongravitational accelerations are

experienced); but also used for coasting-flight phases.

4.2.1-I



78FM56

4.2.1.1 IMUData Snap

The IMU data snap task will provide the capability to obtain the IMU-sensed
accumulated velocities, expressedin M50coordinates, along with their
associated GMTtime tag. Thesedata will be stored for use in the state propaga-
tion subfunction. In the one-state mode(preland) data from one good IMUare
required as indicated in the following example:

SNAPIMU(V CURRENT FILT, T CURRENT FILT)

These data are obtained from the IMU RM.

In the three-state mode (entry), data from three IMU's individually as well as

the selected data are required as indicated in the following example:

SNAP IMU (V _CURRENT_FILTONE, V _CURRENT FILT_TWO,

_CURRENT_FILT_THREE, V _CURRENT FILT, T_CURRENT_FILT)

These data are obtained from the IMU RM, V CURRENT FILT being the selected IMU
data.

The SNAP statements above imply the assignment of current values to the variable

names shown in parentheses.

f

4.2.1.1-I
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4.2.1.2 Acceleration Models

The tasks that perform integration of the Shuttle equations of motion require

models to compute either gravitational and/or nongravitational (drag)

accelerations. If IMU accelerometer-sensed velocity data are used in the inte-

gration process, then only gravitational accelerations need be modeled. If

accelerometer data are not used, then the drag acceleration needs to be modeled
in addition to the gravitational acceleration.

During entry and preland navigation phases, the acceleration function shall be

called by its users with values .of GMD, GMO, R, V, and T. The input flags GMD

and GMO control the degree and order of the gravitational potential model to be

used. R and V are the position and velocity vectors of the vehicle in the M50

coordinate system and T is the time tag associated with both of these vectors.

First, the central force term of the Earth's gravitational acceleration shall be

computed. This is to be accomplished by calling a special routine (CENTRAL),

which is available for execution by functions other than the navigation function.

CALL: _ CENTRAL

IN LIST: R

OUT LIST: ACCEL, R INV

The calculations performed within the routine CENTRAL are the following:

R_INV : 1./I_R I

ACC_ : -EARTH_MUIR_INV31R

The parameter R_INV must be output because it will be used later in computing

the other (non-central force) terms of the gravitational acceleration, if so

_'equesSed by the user function.

Next, the input flag GMD will be tested to see if only the central force

term is requested or if additional acceleration calculations are desired.

If the central force alone is required (GMD = 0) then no other calculations need

to be performed. If, however, perturbing accelerations are wanted (GMD>0), the

following gravity and drag perturbing acceleration vectors shall be initialized:

G :0.

D : O.
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Next, the transformation matrix from Earth-fixed to M50coordinates shall be

obtained in order to find the Earth-fixed position vector and the corresponding

unit vector:

FIFTY : EARTH_FIXED_TO MS0_COORD(T)

R EF = FIFTY T R

UR = R INV R EF

The gravitational perturbation to ACCEL (section 4.2.1.2.1) shall be calculated,

and stored in the vector 2. If GMD = 4, then the acceleration vector due to

drag (Section 4.2.1.2.2) shall be obtained and stored in the vector D. The
total acceleration shall then be calculated:

ACCEL = ACCEL + G + D

A suggested implementation of this task is shown in the detailed flow chart,

ACCEL, in Appendix B.
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4.2.1.2.1 Gravity. The Earth's gravitational attraction will be modeled by

using S. Pines' uniform formulation of the spherical harmonics development.

The following variables are to be set up to serve as starting values for the
recursion relations used in the Pines formulation:

AUXILIARY : 0.

RO ZERO = EARTH RADIUS GRAV R INV

RO N = RO ZERO EARTH MU R INV 2

AI, 2 = 3. UR3

A2, 2 = 3.

L= I

ZETA_REAL I = I.

ZETA_IMAG I = 0.

A is a two-column array used for tempox_ary storage of the Legendre polynomials

and the derived Legendre functions (which are latitude-dependent terms), RO N

is the distance-related term, and AUXILIARY is an intermediate scalar variable.

The r ecursive calculations then will proceed, using as many components of the

one-column arrays ZETA_REAL and ZETA_IMAG as required to account for the effects
of the tesseral harmonics.

Do for X = I to GMO:

ZETA_REALI+ I : UR I ZETA_REAL I - UR2 ZETA_IMAG I

ZETAIMAGI+ I : UR I ZETA_IMAG I + UR 2 ZETA REAL I

The derived Legendre functions then will be obtained by means of recursion

_ormulas, multiplied by the appropriate combinations of tesseral harmonics (the

Legendre polynomials will be multiplied by the zonal harmonics coefficients),

and stored as auxiliary variables - FI, F2, F3, and F4.

Do for N = 2 to GMD the following steps (I through 5):

(I) AN+I, I = 0.

AN=I, 2 = (2. N + I.) AN, 2

AN,I = AN,2

AN,2 = UR3 AN+I,2

K= 2
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(4)

AN-J+I,I : AN-J+I,2

AN-J+I,2 : (UR3 AN-J+2,2 - AN-J+2,1)/K

K=K+ I

FI : O.

F2 =0.

F3 : -AI,1 ZONALN

F4 : -AI,2 ZONALN

(These account for the zonal harmonics contributions.)

If the maximum order of tesserals wanted has not been attained (i.e.,

if N < GMO), do for NI = I to N:
t

FI : FI + NI ANI,I (CL ZETA REALNI + S L ZETA_IMAGNI)

F2 : F2 + NI ANI,I (SL ZETA_REALNI - CL ZETA_IMAGNI)

DNM = CL ZETA_REALNI+I + S L ZETA_IMAGNI+I

F3 = F3 + DNM AN1+1,1

F4 = F4 + DNM ANI+1,2

L = L + I

(These take into account the contributions of the tesseral and sectorial

harmonics.)

(5) RO N : R0 N RO ZERO

G I : G I + RON FI

G2 = G2 + RON F2

G3 : G3 + RO_N F3

AUXILIARY : AUXILIARY + RO N F4

(These equations multiply the sum of the zonal and tesseral effects by

t_e appropriate distance-related factors, store the results as the com-

ponents of the acceleration vector G, and prepare for final computation

by obtaining the intermediate scalar variable AUXILIARY, which accounts

for an additional effect proportional to the unit radius vector UR.)

[
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Oncethese ealculatlons have been completed (N : GMD) and stored, the Earth-fixed

force vector will be obtained and rotated to the MSO coordinate system.

= G - AUXILIARY UR

O = FIFTY O

This is the perturbing gravitational acceleration vector needed for the equa-

tions of motion of the Shuttle. The values of GMD and of GMO may be set by the

user independently. However, it is necessary that GMO ! GMD. A maximum value of

4 for G_ will be used, which will make the array ZONAL have 4 components, the

arrays C and S have 9 components each, ZETA REAL and ZETA IMAG have 5 each, and
A has a maximum dimension of 5 by 2.

The terms shown in the Earth's gravity calculations as CL and SL are usually

represented by Cn m and Sn,m, respectively, but were renumbered for slngle
subscript utillza_ion; the terms called ZONAL N correspond to JN"

A suggested implementation of this task is shown in the detailed flow chart,

ACCEL_EARTH_GRAV CODE, in Appendix B.

The S. Pines formulation of the gravitational potential may be found, in

condensed form, in the paper "Uniform Representation of the Gravitational Poten-

tial and its Derivatives," AIAA Journal, Vol. 11, No. 11, November 1973. In

expanded form, and with an earlier draft of the computer program herein

presented, it may be found in JSC Internal Note No. 75-FM-29, of May 27, 1975,

"Use of a Nonslngular Potential."

W

11.:). 1.2.1-3



78FM56

4.2.1.2.2 Drag. The computation of drag accelerations will vary according to

the values of an input indicator, designated here as GMD.

The value D of this acceleration will be set to zero when the acceleration func-

tion is ca_led.

b

If GMD _ 4, the value of D shall not be changed.

If GMD : 4, D shall be computed as

_D- - cD RRoDRAa_CO STIV_RIV_R

B

where the CD is the vehicle's drag coefficient; V _R : V _REL (V, R), where V and

R are, respectively, the velocity and position vectors in M50 coordinates; V REL

is the function that computes the relative velocity of the vehicle with respect

to the atmosphere (assuming no wind), described in Section 4.4.5.2; RHO is the

density of the Earth's atmosphere; and DRAG CONST is one-half the cross-
sectional area of the vehicle divided by the vehicle's mass, a premission-stored

constant, updated in value by the deorbit/landing nay sequencer principal

function (section 4.1.1).

The calculations will be performed in the following order: First, the altitude

(needed for the computation of the atmospheric density, RHO) will be obtained

from the expression

ALT : H_ELLIPSOID(R)

H ELLIPSOID is the function that computes altitude above the reference

e_lipsoid, described in Section 4.4.5.1.

The density then will be found, from different equations; the equation used

will depend on the altitude range. For ALT ! ALT_ZONE_CHANGE,

RHO : SEA_LEVEL_DENSITY EXP (DENSE I + DENSE 2 ALT + DENSE3/ALT 1 FI

For ALT > ALT_ZONE_CHANGE,

RHO : SEA_LEVEL_DENSITY EXP [DENSE 4 + DENSE 5 ALT + DENSE6/ALT 1 FI

Once the atmospheric density has been obtained, the velocity V _R, relative

to the atmosphere but expressed in M50 coordinates, will be found.

FI-This equation shall be protected against floating point overflow (Reference
3.6.1).
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After the vector V_R has been calculated, the drag coefficient will be obtained
from the square of the sine of the angle of attack (SA) and the absolute
value of the sine of the sideslip angle (SB)

SA = (SIN(ALPHA)Im F9

SB = (SIN(BETA)_ F9

where the angle of attack (ALPHA) and the angle of sideslip (BETA) are available

from the attitude applications calculation subfunction. The sine of double

the sideslip angle is also needed -

S2B : 2. SB SQRT(I. - SB 2) F4

and the drag coefficient is given by

CD : ICDF + CDN sAEXP-SHAPE-FACTOR 1 (I. - SB) + CDS SB + CDA S2B SA

where CDF, CDN, CDA, CDS and EXP_SHAPE_FACTOR are constants described in Section
4.9.

Finally, the drag acceleration shall be obtained from the expression presented
earlier

D = - CD RHO DRAG_CONST IV_R I _V_R

A suggested implementation of this task is shown in the detailed flow charts,

ACCEL, DENSITY and ACCEL_DRAG CODE in Appendix B.

Section 4.9 contains the values of all constants, mission dependent parameters,

design dependent parameters, and hard-codeable parameters used by navigation.

Of all the parameters contained in Section 4.9, the following are used in the

computation of accelerations: ALT ZONE CHANGE, C, CDA, CDF, CDN, CDS, DENSE,

EARTH_MU, EARTH_RADIUS_GRAV, EXP_SHAPE_FACTOR, S, SEA_LEVEL DENSITY, and ZONAL.

F9-This equation shall be protected against return value of sine or cosine with

magnitudes greater than unity (Reference 3.6.9).

F4-This equation shall be protected against square roots of a negative number

(reference 3.6.4.).
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4.2.1.3 Integration of State Equations of Motion

The algorithm for integration of the Shuttle equations of motion can use either

accumulated IMU-sensed velocity to represent the nongravitational accelerations,

or model drag to compute this acceleration. Section 4.2.1.2 presents detailed

requirements for the ACCEL function, which computes the Shuttle acceleration

vector (gravitational only or with modeled drag). The super-g computational
scheme will be performed as follows:

(i) Test the flag (USE_IMU_DATA) which determines whether or not IMU data is to
be used.

If USE IMU DATA = ON, then the IMU sensed velocity will be used: set

DV : V CURRENT - V LAST.

otherwise set

DV:0.

(2) Save the value of the current IMU-accumulated sensed velocity for the next

cycle:

V LAST : V CURRENT
m

(3) Evaluate the acceleration vector with the use of the previous values of po-

sition, velocity, time, and the indicators GMDEG and GMORD as arguments
of the ACCEL function:

G ONE : ACCEL(GM_DEG, GM_0RD, R, V, TLASTFILT)

(4) Advance the position vector with use of the previous position, velocity,

and acceleration vector and the time interval DT FILT:

R = R + DT_FILT (V + .5 (DV + DT_FILT GONE))

(5) Reevaluate the acceleration vector with use of the new value of the posi-

tion vector, the old value of velocity, and the fina] time:

_TWO : ACCEL(GMDEG, GMORD, R, V, TCURRENTFILT)

(6) Advance the velocity vector with use of an average acceleration vector and

IMU-sensed velocity change:

V : V + DV + 0.5 DTFILT (G_ONE +_G_TW0)

(7) Adjust the position vector with use of the new acceleration vector:

F4-This equation shall be protected against square roots of a negative number

(Reference 3.6.4.).
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I •

R : _R + _- (_G_TWO - G ONE) DTFILT 2

A suggested implementation of this task is shown in the detailed flow chart,

SUPER_GNAV, in Appendix B.
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4.2.2 Covariance Matrix Propagation

The covariance matrix propagation subfunction will propagate the covariance

matrix forward in time by using the state transition matrix. Additive process

noise will be incorporated to account for unmodeled state and dynamic errors.

The components of the state transition matrix, PHI of dimension 6 by 6, are math-

ematically defined as the partials of the current state with respect to the pre-

vious state (old). An approximate formulation which makes use of a gravity gra-
dient matrix (3 by 3) is to be used in construction of this matrix.

PHIl to 6, I to 6 is equal to the following submatrices.

PHIl to 3, I to 3 = ID_MATRIX_3X3 + (DT_FILT2/2) GRAV_GRAD_OLD

PHIl to 3, 4 to 6 = (DT_FILT) IDMATRIX_3X3

PHI4 to 6, I to 3 = (DTFILT/2) (GBAV_GRAD_OLD + GRAY_GRAD NEW)

PHI4 to 6, 4 to 6 = IDMATRIX_3X3 + (DT_FILT2/2) (GRAV_GRAD_NEW)

where

GRAV_GRADOLD : GRAVITYGRADIENT(R _COVLAST)

GRAVGRAD_NEW : GRAVITYGRADIENT(B _FILT)

and R FILT is obtained by the vector selection of R FILT ONE, R FILT TWO, and

R FILT THREE if the NAV THREE STATE flag is ON, and-i_ is equal to the single-
state Tilter position vector if the NAV THREE STATE FLAG is OFF.

The quantity ID_MATRIX3X3 is the 3-by-3 identity matrix, and the gravity gradi-

ent matrix function is defined in Section 4.4.5.4.

The covariance matrix, E, will be propagated using the following equation.

E = PHI E PHI T + STATE NOISE

where the state noise covariance matrix, STATE_NOISE, is used to account for

unmodeled state errors and uncertainty in the propagation of the state. It will

be formulated as shown in Figure 4.2.2-I.

During the nonpowered flight, i.e., when IMU data is not being used in state

propagation (the flag USE IMU DATA is OFF), variables required in the state

noise formulation will be defined as follows:

VAR_ACC_QUANT : VAR_ACC_QUANT_COAST

VAR UNMOD ACC DT : VAR UNMOD ACC DT COAST

4.2.2-I
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STATENOISE=
D

NOISE R 0

0 NOISE R

0 0

0 I NOISE RV

0 ! 0

NOISE R ! 0

-I

NOISE RV 0 0 I NOISE 0 0

!

0 NOISE RV 0 ! 0 NOISE 0

O 0 NOISE RV ! 0 O NOISE

!

0

NOISE RV

0

0

0

NOISE R_

where

NOISE = VAR_ACC_QUANT + (VAR_UNMOD_ACC_DT) DT_FILT

NOISE_R : NOISE (DT_FILT 2) 0.25

NOISE_RV = NOISE (DT_FILT) 0.5

Figure 4.2.2-I. State Noise Formulation

And during the powered flight when IMU data is being used in state propagation

(i.e., the flag USE IMU DATA is ON), variables required in the state noise for-
mulation will be defined as follows:

VAR_ACC_QUANT : VAR_ACC_QUANTIMU

VAR UNMOD ACC DT : VAR UNMDD ACC DT IMU

Finally, since the covariance matrix, E, must be symmetric, state noise terms

need only_be added to the upper triangular portion of the matrix triple product

PHI E PHI T and symmetry shall be maintained by

I: 1,6

Ej, I = EI, J for
J= 1,6

A suggested implementation of this task is shown in the detailed flow chart,

COVEXTRAP_PF, in Appendix B.
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4.2.3 State Vector Interpolation

The state vector interpolation subfunction will provide the capability to propa-

gate the Shuttle's position vector over a small time increment. Propagation

will be accomplished by using a simple, low-order integrator. This subfunction

will be used to update the position vector from its current time to the time of

a sensor measurement (either TACAN, MSBLS, or barometric altimeter), as required

by the navigation filter to correctly compute an estimated measurement and re-

sidual. The error due to the use of the low-order integrator in calculating the

position vector is not cumulative. Position propagation by this algorithm is

done only if the difference between the sensor measurement time and the current

time exceeds a predetermined value (EPS TAG). This value is a function of

sensor accuracy and is premission-loaded (see Section 4.9).

The following steps will be followed (in the order specified) to accomplish this
subfunctlon.

(I) Data will be input according to the in list

IN LIST: T_SENSORS, R, V, DV, G

where T_SENSORS is the measurement time tag, R and V are the orbiter's po-
sition and velocity vectors in M50 coordinates, DV is the IMU-sensed veloc-

ity change over the current navigation cycle, ant G is the gravitional ac-

celeration vector in M50 coordinates (if using IMU-data) or the modeled

total acceleration vector in M50 coordinates (if not using IMU data).

(2) The interpolation time interval will be computed as follows:

DT INTERP = T_SENSORS-T_LAST_FILT

where T_LAST_FILT is the time associated with the recently propagated
orbiter state vector.

(3) If the absolute value of DT_INTERP is less than or equal to a prestored

epsilon (EPS_TAG), then the output vector R_RESID is to be equated to the
input position vector

R RESID = R

and thus, no interpolation is performed.

(4) If the absolute value of DT_INTERP is greater than EPS_TAG, interpolation
of the position vector will be accomplished according to the following
equation:

_RESID : R + DT INTERP (V + .5 DT_INTERP (DV/DT_FILT + G)) F3

F3-This equation shall be protected against division by zero (reference 3.6.3).
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A suggested implementation of this task is shown in the detailed flow chart,

SV_INTERP, of Appendix B.

*J
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4.2.4 State and Covariance Measurement Incorporation (Kalman Filter)

This subfunction will use a Kalman filter to incorporate the measurement data to

update the covariance matrix and the state vectors. To perform these tasks, the

Kalman filter uses the covariance matrix, measurement partials, measurement

residuals, and the a-priori measurement variance. Nonlinear compensation will
be included if required.

If the measurement data have been Judged valid and the proper measurement

subfunction has been executed, the following update equations will be computed.

(Note: The measurement subfunction generates the partial vector, the residuals,
and the a-priori variance.)

First, the scalar quantity BTE_B will be calculated from the covariance matrix

E and vector measurement partials B:

 B_COPZ: z

BT E B : B " EB COPY

where the second equation requires a dot product. The three diagonal elements

of the covariance matrix pertaining to the Shuttle position uncertainty will

then be summed: El, I + E2, 2 + E3, 3. If the sum is greater than the constant
MS_POSUND_WGT, the a-priori varzance will be compensated for nonlinear effects by

VAR : VAR + K UND WGT BT E B

This compensation underweights the measurement to prevent the state error

covariance matrix from shrinking more rapidly than the actual errors. The quan-

tity MS_DELQ, which represents the expected variance in the measurement, will
then be computed by

MS DELQ = BTE_B + VAR

A residual edit will be performed. A flag corresponding to the appropriate meas-

urement subfunction will be set to inform the crew if the edit fails, that is,

if the square of the residual is greater than the quantity RESID TEST, where

RESID_TEST = KRESEDIT MS_DELQ and K RES EDIT is a measurement_ependent
multiplier established by the measurement--subfunction. It should be noted

that nonlinear compensation, when performed, also adjusts this edit; the

larger the compensation, the larger will be the residual that passes the

edit. The residual edit will be overridden or inhibited, however, if the

manual edit override for the particular sensor being processed is active.

If there is no edit, the subfunction will compute the Kalman filter gain,

OMEGA : _EB_COPY/MS_DELQ F3

F3-This equation shall be protected against division by zero (reference 3.6.3).
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and update the covariance matrix,

E = E - OMEGA (EB_COPY T)

If three state vectors are being maintained, this subfunction will update them
with use of the following equations.

R _FILT_ONE : R _FILT_ONE + OMEGA I to 3 DELQ_ONE

V _FILTONE : _V_FILTONE + OMEGA 4 to 6 DELQ_ONE

R _FILTTW0 : R FILTTWO + OMEGA I to 3 DELQ_TWO

V _FILTTW0 = V _FILTTWO + OMEGA 4 to 6 DELQ_TWO

_R _FILT_THREE = R _FILT_THREE + _OMEGA I to 3 DELQ_THREE

V FILTTHREE : V FILTTHREE + OMEGA 4 to 6 DELQ_THREE

where DELQ_ONE, DELQ_TWO, and DELQ_THREE correspond to the appropriate measure-
ment residuals.

If one state vector is being maintained, this subfunction will update it with

use of the following equations.

R_FILT : R_FILT + OMEGA I to 3 DELQ

_V_FILT : _V_FILT + OMEGA 4 to 6 DELQ

_here DELQ corresponds to the appropriate measurement residual. The edit flag

corresponding to the appropriate measurement subfunction will be set to indicate

chat the measurement data have been processed rather than edited.

This subfunction will also be used to compute the residual test quantity for

manually selected sensor types whenever the filter is not incorporating data.

This quantity_ together with residuals calculated by the measurement sub-

functions, will be required for display purposes. A flag corresponding to

the appropriate measurement type will be set by the navigation sensor selection
task to prevent Kalman filter gain computations and state and covariance matrix

updates under this condition. The filter edit flag will be set, in this case,

to indicate to Measurement Processing Statistics (Section 4.2.8) that the data

have been computed for display purposes only.

It is required that the residual, the residual test quantity (RESID_TEST), and

the residual edit flag corresponding to each measurement subfunction be avail-

able for display purposes.

A suggested implementation of this task is shown in the detailed flow chart,

NAVFILTER, in Appendix B.
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4.2.5 Vector Selector

This subfunction will provide the capability to produce a single vector from

three vectors, each of which possesses a status indicating that vector as "good"
or "bad." For example, the vector selector subfunction will be used to select

a single valid position and velocity vector for users (guidance and display) and
for Kalman gain calculation.

If all IMU's are good, a middle selected vector will be generated, composed of
component-by-component middle selected values. If one IMU is determined to be

bad by the redundancy management logic, the selected vector will be generated by

averaging the two good vectors on a component-by-component basis. If only one

IMU is performing satisfactorily, then the associated vector'will be selected.

A suggested implementation of this task is shown in the detailed flow chart,

VECTOR_SELECTION, in Appendix B.
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4.2.6 Delta State Update

A capability will be provided for updating the position and velocity of the

Shuttle in flight by using information conveyed via ground-originated command

uplink or by voice from the ground to the crew for entry via the HSD. This ca-

pability will be provided by a task that corrects the Shuttle's position and ve-

locity vectors by using state updates referenced to the current selected runway

coordinate system.

The performance of a delta state update will require two difference vectors

(DR_RW and DV_RW) to be supplied. These vectors must be set to the desired values

before the delta state update task is invoked. The appropriate navigation con-

trol subfunction (Entry or Preland) will invoke the delta state update task only

when a flag (DODELTAUPDATE) has been set to ON (the control subfunctions are

described in Sections 4.3.1.1 (Entry) and 4.3.2.1 (Preland)).

DR RW is the difference between the ground estimated position of the Shuttle and

the onboard navigation system's estimate of the Shuttle's position (runway

coordinates). DV_RW is the difference between the ground estimated velocity

of the Shuttle and the onboard navigation system's estimate of the Shuttle's
velocity (runway coordinates).

The sense of these differences is: ground estimated minus onboard estimated.

The onboard estimated vectors are downlinked to the ground at regular intervals

(see Section 4.10 for downlist rates) and used by the ground to calculate these

differences, which are then used to correct the onboard vectors.

The update will be performed as follows:

(i) In three-state navigation (NAV THREE_STATE = ON), a single Shuttle velocity
vector will be obtained through the use of the vector selection subfunction

(a single Shuttle position vector will be available, having been selected

by the covariance propagation subfunction prior to the execution of the

delta state update subfunction). Otherwise, the current one-state Shuttle

position and velocity vectors will be used.

(2) Using the Earth-fixed to M50 transformation matrix and the runway to

Earth-fixed transformation matrix for the current selected runway (see Sec-

tions 4.4.3.2 and 4.4.3.5 for these transformations) the delta state

update task will convert the difference vectors from the runway system

to M50 coordinates. A new filter state will then be formed by adding

the M50 difference vectors to the filter state with the same time tag

as that used for the Earth-fixed to M50 transformation matrix. For

the velocity part of the state vector, it will be necessary to take

into account the rotation of the Earth.

(3) In the next step, the covariance matrix E shall be set to zero, and

reinitialized with the appropriate diagonal and off-diagonal elements

obtained from premission loaded values. The parameters required to compute
these elements will be premission loaded in the UVW coordinate system and

rotated to M50 coordinates at the time of their incorporation into the

covariance matrix. Detailed requirements for this covariance matrix
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reinitialization are described in Section 4.2.9. A flag (FILTUPDATE)
will automatically be set to ONat the end of the navigation filter cycle
following the formation of the new filter state, and will cause the user
parameter state propagation subfunction (Section 4.4.1) to reinitialize it-
self to the updated filter state in the samemanneras if sensor data were
used by the filter to update the state.

The equations required to generate the newvectors R _FILT and V _FILT and to per-
form the required reinitialization of the navigation subsystemare detailed in
the following description:

M_TEMP: EARTH_FIXEDTOM50_COORD(TLASTFILT) M_EFTORWT

DR: M TEMPDRRW

R FILT : R FILT + DR

V FILT : V _FILT + M TEMP DV RW + EARTH_RATE (EARTH_POLE x DR)

In one-state navigation, the updated R _FILT and V _FILT become the current

orbiter state vector. For three-state navigation, the state vectors are
initialized as follows:

R FILT ONE : R FILT

R FILT TWO = R FILT

R FILT THREE : R FILT

V FILT ONE : V FILT

V FILT TWO = V FILT

V FILT THREE : V FILT

After computation of the updated state vector, the difference vectors shall be
set to zero and the DO DELTA UPDATE flag set to the OFF position to inhibit re-_ n

peated state updates. The necessary equations are

DR RW : O.

DV RW : O.

DO DELTA UPDATE : OFF.

A suggested implementation of this task is shown in the detailed flow chart

OPS_3_DELTA_STATE_UPDATE, in Appendix B.
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4.2.7 Measurement Residuals and Partials

This section documents detailed requirements for measurement subfunctions that

have been identified as being common to more than one navigation principal func-

tion. The measurement subfunctions will provide the measurement residual, the

measurement partials, and a-priori measurement variance per measurement type.
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4.2.7.1 TACAN Range Residual and Partials

This subfunction computes the estimated range from the Shuttle to the TACAN sta-

tion, the range residual, and the range measurement partials, and selects the

proper variance to model the instrument error.

(I) TACAN Range Residual - The subfunetion will compute the estimated Shuttle

relative range by using the equation.

Q : I_R_RESID- R _SCANNER I + BIAS_TAC._R

where

M EFTOM50 = EARTH_FIXED TO MSO COORD(T_TACAN)

R SCANNER = M_EFTOM50 R _TACAN_EF

The state vector used, R RESID, may have been interpolated to the sensor

measurement time (T_TACAN) if this time was different from the filter state

vector time by a premission constant (Section 4.2.3). The deterministic

bias correction term, BIAS TAC R, and the TACAN station Earth-fixed posi-

tion vector, _R _TACAN_EF, are obtained from the measurement reconfiguration
subfunctions.

The residual shall then be calculated by

DQ : Q_TAC. R'- Q

(2) TACAN Range Partials - The partial derivatives of the range measurement

with respect to the state are to be computed as follows:

B :_UNIT(R _RESID - R _SCANNER)
I to 3

B = 0.

4 to6

where the function UNIT is to compute the unit vector, and the state vector

used, R _RESID, is middle selected from the three interpolated position
vectors used in the computations of the residuals if in the three-state

configuration or the interpolated state vector if in the one-state

configuration.

The variance of the TACAN range measurement error is selected from premission

determined constants as a function of the relative range from the station to the
vehicle, RNG,

RNa= _ ILT- _SCANNERI

where R FILT is the middle selected state vector if in the three-state configu-

ration or the filter state vector if in the one-state configuration.
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If the range, RNG,is greater than a premlssion constant, RNG__VAR__RNG_STEP, then

VAR = VAR TAC R HIGH

otherwise

VAR : VAR TAC R LOW.

where VAR_TAC_R_HIGH and VAR_TAC_R_LOW are design dependent parameters (Section
4.9.3).
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4.2.7.2 TACAN Bearing Residual and Partials

This subfunction computes the estimated bearing measurement with respect to the

TACAN station, the measurement residual, and the bearing measurement partials,
and selects the proper variance to model the instrument error.

(i) TACAN bearing residual - This subfunction shall compute the TACAN station

location in M50 coordinates, R SCANNER, and the transformation matrix from

M50 to topodetic coordinates by-using the following equations:

M_EFTOM50 = EARTH_FIXED TO MSO_COORD(T_TACAN)

_SCANNER : M_EFTOM50 R _TACAN_EF

M_M5OTOTD : M_EFFTOTDTACAN MEFTOM50 T

where M_EFTOTD_TACAN and R _TACAN_EF are obtained from the measurement

reconfiguration subfunctions. The estimated azimuth measurement shall then

be computed as

Q : ARCTAN2(REL_R 2, REL_R I) + BIAS_TAC_BRG

- ANGLE_CORR_TNTOMAG + PI

where ANGLE CORR TNTOMAG is the correction from true north to magnetic
north, BIAS_TAC_BRG is the deterministic bias correction term, and REL R,

the relative position of the Shuttle in topodetic coordinates, is

calculated by

REL R : M_M5OTOTD (R RESID - R _SCANNER)

The state vector used, R _RESID, may have been interpolated to the sensor

measurement time if this time was different from the filter state vector

time by a premission constant (Section 4.2.3).

The residual is then calculated as

DQ= Q_TAC_BRG - Q

This residual should be checked to ensure that its magnitude is less than

_; if not, the smaller of the two possible central angles is required:

If DQ > 0, DQ : DQ - 2 PI

If DQ < 0, DQ : DQ + 2 PI

(2) TACAN bearin_ partials - The bearing partials shall be computed by invoking

the utility subfunction ANGLE_PARTIALS (described in Section 4.4.5.3) using
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as inputs the vector R SCANNERand the third row of the transformation
u

matrix from M50 to topodetic cordinates:

CALL : ANGLE PARTIALS

IN LIST: RSCANNER, MM5OTOTD3, I to 3

The state vector used in ANGLE_PARTIALS, R _RESID, is middle selected from

the three interpolated position vectors used in the computations of the re-

siduals if in the three-state configuration or the interpolated state

vector if in the one-state configuration.

The variance of the TACAN bearing measurement error is selected from

premission determned constants as a function of the relative range from

the station to the vehicle, RNG,

RNG : ABVA (R_FILT - R SCANNER)

where R FILT is the middle selected state vector if in the three-state con-

figuration or the filter state vector if in the one-state configuration.

If the range, RNG, is greater than a premission constant, RNG VAR BEARING
STEP - - -

then

VAR : VAR TAC BRG HIGH
n m

otherwise

VAR : VAR TAC BRG LOW.

where VAR TAC BRG HIGH and VAR TAC BRG LOW are design dependent parameters
(Section 4.9.3). - ....

A suggested implementation of these tasks is shown in the detailed flow

charts TACAN_NAV, TACANRANGE_COMP and TACANBRG_COMP, in Appendix B.
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4.2.7.3 Barametrie Altimeter Residual and Partials

This subfunction computes the estimated altitude measurement, the altitude re-
sidual, the altitude measurement partials, and the variance that models the in-
strument error.

(I) Barometric Altimeter Residuals - The estimated barometric altimeter mea-

surement shall be calculated by the equation

0 = H ELLIPSOID (RRESID) + BIAS_BARO - DELH._MLS_ELLIPSOID_RW.

The state vector used in this equation, R _RESID, may have been interpolated

to the sensor measurement time, if required, as described in Section 4.2.3.

Requirementsfor H_ELLIPSOID, which is the function used to calculate the

height above the reference ellipsoid, are contained in section 4.4.5.1.

The residual will then be calculated by

DELQ = Q_BARO - Q.

If the navigation is in the one-state configuration, this will be done only

once. If in the three-state configuration, it will be done three times,

and the resulting values, locally called Q_ONE, Q_TWO, Q_THREE, DELQ._ONE,

DELQTWO, and DEL0._THREE, will be presented to the vector selection

subfunotion (Section 4.2.5) from which a single value for each selected

quantity will emerge, with the names O and DELQ.

(2) Barometric Altimeter Partials - The partial derivative of the barometric

measurement with respect to the state vector is computed as follows:

B1 to 3 = UNIT(R _FILT)

B4 to 6 = O.

where the function UNIT computes the unit vector.

R_FILT is the mid-selected position vector if in the three-state configura-

tion, and the filter position vector if in the one-state configuration.

The variance of the barometric measurement error will be calculated as

VAR = VAR_HI + VAR_I-L?.(O-ALT_.RW) 2

where ALT RW is the altitude of the runway threshold above the reference

ellipsoid.

A suggested implementation of this task is shown in the flow charts BARO

NAV and BARO COMP, in Appendix B.
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During navigation phases that utilize external measurements, the measurement

processing statistics subfunction will compute for display certain parameters

that are indicative of the condition of the navigation filter and the external

sensor measurements that it utilizes. The measurement processing statistics

subfunctlon will be performed as a subfunction of each navigation processing

principal function that utilizes an external sensor measurement. It will be

performed after the corresponding state and covariance measurement incorporation

subfunction has been performed. Filter edit indicators, which will have been

initialized to a default value during the corresponding sensor measurement se-

lection subfunetion, will be redefined during the performance of the state and

covariance measurement incorporation subfunction. This will indicate to the

measurement processing statistics subfunction, for each measurement type being

utilized, which of the following four eases has occurred:

(i) edit indicator = OFF - the filter was not configured for the measurement

type, or the data were bad and the filter did not attempt to process data

of that type,

(2) edit indicator = ON - the filter did attempt to process the measurement

type but automatically edited the data,

(3) edit indicator = PROCESSED - the filter did process the measurement type,

or

(4) edit indicator : STAT - the filter was used solely for producing the resid-

ual and ratio parameters for display.

Moreover, the state and covariance measurement incorporation subfunction will

provide the measurement processing statistics subfunction with the value of each

measurement residual and the square of the denominator of the display residual

edit ratio, which is described in the following paragraphs. The data supplied

to the measurement processing statistics subfunction can be used for two differ-

ent purposes:

(I) to calculate the status of the processing of the external sensor data

and

(2) to compute statistics for the sensor measurement type selected by the

sensor measurement type selected by the sensor measurement selection

subfunction.

These two sets of calculations are described as follows:
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4.2.8.1 Sensors Status

An indication of the status of external data processing by navigation is pro-

vided to the crew by the navigation event lamp. This event lamp indicates

whether particular external sensor data are being incorporated when the Shuttle

is within specific altitude regions. The sensor types are as follows:

TACAN azimuth

TACAN range

_ ,Drag derived:altitude

BARO altitude

o_ MSBLS azimuth

MSBLS range

MSBLS elevation

Radar altimeter altitude

The setting of the navigation event lamp indicator (EVENTLAMP_FIVE) involves
user parameter processing principal functions as well as the measurement

processing statistics subfunctions. Measurement processing subfunctions shall

set the discrete, NAV EL FLAG, based upon processing of the first seven sensor

types above. User parameter processing principal functions shall set EVENT LAMP

FIVE based upon the discrete set by measurement processing and, when approp_i- -

ate, the status of radar altimeter data as described in Section 4.6.

Within the entry navigation measurement processing statistics subfunction, the

setting of NAV EL FLAG shall be based upon processing of TACAN range, TACAN azi-

muth, barometric altitude and drag derived altitude as follows. If the vehicle

is above a predetermined altitude; if ALT > ALT_EL I then NAV EL FLAG shall re-
tain its initial value of OFF and computatio_ of sensor statistics shall

commence. If ALT 3 ALTELI, the value of NAF EL FLAG shall be established
as follows.

The temporary discrete, EV_LT, shall be initialized to ON. Then if MLS AVAIL =

OFF or if ALT_WHEELS > ALT_EL2, the following test shall be performed. -(MLS
AVAIL indicates whether or not MSBLS transmitters are associated with the land-

ing runway.) If either SENSOR EDIT I = "PROCESSED" or IN CONE FLAG = ON and if
SENSOR_EDIT 2 = "PROCESSED," then RAW RA PROC is to be te-sted - If RAW RA PROC =

ON, then set EVLT to OFF. Otherwise, if SENSOR_EDIT 3 = "PROCESSED", or if
SENSOR_EDIT 4 = "PROCESSED", or if H_INHIB = ON, set EV_LT to OFF.

Within the preland navigation measurement processing statistics subfunction, the

setting of the NAV EL FLAG shall be based upon the processing of MSBLS range,

MSBLS azimuth, and MSBLS elevation as follows. A discrete, EV_LT, shall be set

to ON and if SENSOR_EDIT 5 = "PROCESSED" and if SENSOR EDIT 6 = "PROCESSED", then
the flag which indicates whether radar altimeter data-are being utilized within
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the Autoland UPPprincipal function shall be tested. If RAWRAPROC= ON, then
set EVLT to OFF. Otherwise, if SENSOR_EDIT7 = "PROCESSED",then set EVLT toOFF.

Finally, after establishing the value of EVLT, its value is tested. If EV LT =
OFF, then initialize the sequential counter-N SEQto one and set NAVEL FLAOto
OFF. Otherwise, N SEQshall be incremented by one and then if N_SEQ> N SEQ
_MAX,set NAV_ELF-LAGto ON.

The indexed variables have the following definitions:

SENSOR_EDITI is the edit indicator for the TACANbearing measurement.

SENSOR_EDIT2 is the edit indicator for the TACANrange measurement.

SENSOR_EDIT3 is the edit indicator for the barometric altitude measurement.

SENSOREDIT4 is the edit indicator for the drag altitude measurement,

SENSOR_EDIT5 is the edit indicator for the MSBLSazimuth measurement.

SENSOREDIT 6 is the edit indicator for the MSBLS range measurement.

SENSOR_EDIT 7 is the edit indicator for the MSBLS elevation measurement.

4P
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4.2.8.2 MeasurementStatistics

For each TACAN,drag altitude, barometric altimeter, and MSBLSmeasurementtype,
three parameters are to be computedto showhowwell the navigation filter is
processing external measurementsof that particular type. The three parameters
to be computedfor each measurementare as follows:

(i) The display measurement residual is to be the actual measurement residual

computed by the navigation filter for the particular type, provided the

navigation filter has done the computation (i.e., provided that the filter

was configured to attempt processing of that particular measurement type

during the filter cycle just completed). If the filter was not configured

for the measurement type, so that no residual was computed, then the dis-

play measurement residual for the particular measurement type shall be

displayed as a BLANK in accordance with display requirements.

(2) The display residual edit ratio is, for a particular measurement type, the

absolute value of the actual measurement residual divided by the maximum

magnitude that the residual for this measurement type may attain before

automatic data editing in the filter occurs. Again, if the filter was not

configured for the particular measurement, this display parameter shall be
presented as BLANK.

(3) The display edit history indicator, if displayed as the symbol "4" on the

cathode-ray tube, shall indicate that, for more than K MAX times out of the

last 4 times that the filter attempted to process the particular measure-

ment type, automatic data editing occurred. Otherwise, this indicator

shall be displayed as a BLANK. K_MAX _s a padloaded integer such that I _.
K MAX < 4.

The actual calculation of the three parameters above shall be accomplished as

follows. To compute the display edit history indicators, it is necessary to re-

tain edit information about the last 4 cycles for each measurement type. This

will be accomplished by the use of an MX4 matrix EDIT_ARRAY, where M represents

the maximum number of measurement types to _e managed by this subfunction during

the various navigation phases. In the equations below, the following defini-
tions are used.

DISP_DELQ I : parameter (I) above for the I-th measurement type.

DISP_SIG I = parameter (2) above for the I-th measurement type.

DISP_EDIT I = parameter (3) above for the I-th measurement type.

SENSOR_EDIT I = the filter edit indicator for the I-th measurement type.

SENSOR_DELQ I = the filter measurement residual for the I-th measurement type.

SENSOR_RESID_TEST I = the square of the denominator of the display residual
edit ratio for th_ I-th measurement type.
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The correspondencebetweenthe subscript, I, and measurementtype shall be as
fo ii ows:

I = I - TACANazimuth

I : 2 - TACANrange

I = 3 - barometric altitude

I = 4 - drag altitude

I = 5 - MSBLSazimuth

I : 6 - MSBLSrange

I = 7 - MSBLSelevation

For each value of the integer I in the interval (I, M), the following procedure
will be performed.

The indicator SENSOREDITI shall be tested; and if found to have the value
"OFF," both DISP_DELQI and DISP_SIGI shall be given the value "BLANK"and the
calculations shall cease at this point. If the value tested is not "OFF," then
DISP_DELQI shall be given the value SENSOR_DELQI and DISP_SIGI shall be
calculated according to

ABVAL(SENSORDELQI ) F3
DISP_SIGI = F4

(SENSOR_RESID_TESTI)I/2

provided that SENSOR_RESID_TESTI is positive.

TheSENSOR_EDITI indicator shall again be tested; and if found to have the
value "STAT",DISP_EDITI shall be given the value "BLANK"and the calculations
shall cease at this point. If the value tested is not "STAT", the column
index, JI, shall be incremented by I and reset to I if its value then should
be 5. Next, the parameterSUMI shall be determined as SUMI = SUMI - EDIT_ARRAYI,
COLUMN,whereCOLUMN: Jl, and SENSOR_EDITI shall again be tested. If its value
is "ON", then EDITARRAYI COLUMNshall be given the value one and SUMI shall be
incremented by one_ If i_s value is not "ON", then EDITARRAY,_nH_ shall be
se to zero. Finally, SUMshall be tested; and if its value exceeds the value
K_MAX,DISP_EDITI shall be given the value "_"; otherwise, DISP_EDITI = BLANK.

The range residual, DISP_DELQ2,will be tested and if not equal to BLANK,its
dimension will be transformed from units of feet to units of nautical miles.

F3-This equation shall be protected against division by zero (reference 3.6.3)
F4-This equation shall be protected against square roots of a negative number

(reference 3.6.4)
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Thus

if DISP_DELQ2 _ BLANK

then DISP-DELQ2: DISP_DELQ2 NAUTMI_PER_FT

A suggested implementation of these tasks is shownin the detailed flow charts,
MEAS_PROCESSINGSTATISTICSENTRYCODEand MEASPROCESSINGSTATISTICSPRELAND
CODE,in AppendixB. - - - -

O
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4.2.9 Covariance Matrix Initialization

In circumstances in which the position and velocity elements of the onboard fil-

ter covariance matrix are to be initialized to UVW values (i.e., as a result of

ground updates and entrance into operational Sequence 3 from either OPS-I or

OPS-2), the following steps must be performed (in the order indicated):

(I) Data will be input to this subfunction as described by the in list below:

IN LIST: ZIG, _COR, R,

where SIG is a six-element vector of standard deviations in the UVW coordi-

nate system

SIGI, U-position

SIG2, V-position

SIG3, W-position

SIG4, U-velocity (U)

SIGs, V-velocity (V)

SIG6, W-velocity (W)

and where COB is a seven-element vector of correlation coefficients, also

in the UVW coordinate system

CORI, correlation between U-V

COR 2 correlation between U-U

COR 3 correlation between U-V

COR 4 correlation between V-U

COR 5 correlation between V-V

COR 6 correlation between W-W

COR 7 correlation between U-V

and where R and V are the current orbiter position and velocity vectors,

respectively, in M50 coordinates.

(2) The 6 by 6 covariance matrix temporary array will be zeroed

E TEMP = 0.
m
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(3) The diagonal elements of E_TEMPwill be computed

E_TEMPI,I= SIGI SIGI, for I = 1,6

(4) Next, position and velocity submatrix elements, as well as the upper right
position-velocity covariance elements, will be computed

E-TEMPI,2 = CORISIGI SIG2

E_TEMPI,4 = COR2 SIGI SIG4

E-TEMPI,5 = COR3SIGI SIG5

E TEMP2,4 = COR4 SIG2 SIG4

E_TEMP2,5 = COR5 SIG2 SIG5

E_TEMP3,6 = COR6 SIG3 SIG6

E_TEMP4,5 = COR7 SIG4 SIG5

E_TEMP2,I = E_TEMPI ,2

E_TEMP5,4 : E_TEMP4,5

(5) And, finally, a transformation matrix from UVWto M50coordinate systems is
acquired at current time, and used to rotate the E-matrix into the M50sys-
tem. Thelower left position-velocity covariance is also defined

M : UVW_TO_M50(_R,V)

E-TEMPITO3, I TO3 : M E_TEMPI TO3, I TO3 MT

E-TEMP4TO6, 4 TO6 : M E TEMP4 TO6, 4 TO6 MT

E-TEMPITO3, 4 TO6 : M E_TEMPI TO3, 4 TO6 MT

E-TEMP4TO6, I TO3 : (E-TEMPITO3, 4 TO6)T

(6) The 6 by 6 eovariance matrix E_TEMPwill be output from this subfunction.

A suggested implementation of this task is shownin the detailed flow chart,
COVINIT,in AppendixB.
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4.2.10 User Parameter Propagator Reset

The user parameter propagator reset subfunction will store the vehicle position,

velocity, the associated time tag, the velocity count, and the gravity accelera-

tion vector after all navigation updates for use by the user parameter state
propagator.

R RESET = R FILT

V RESET = V FILT

T RESET = T FILT

V IMU RESET = V LAST FILT

G RESET = G OLD

Also, the current value of the filter state vector will be saved for subsequent

covariance matrix propagation.

R COV LAST = R FILT

Finally, the filter update flag will be set to ON to indicate to users that the

current navigation filter update is complete.

FILT UPDATE = ON

A suggested implementation of this task is shown in the detailed flow chart,

UPP_STATE RESET, in Appendix B.
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4.3 NAVIGATIONPROCESSINGPRINCIPALFUNCTIONS

The two principal navigation processing functions are entry and preland naviga-
tion. Eachof these functions will be initialized and cyclically executed under
the control of the deorbit/landing navigation sequencerprincipal function
(Section 4.1.1). Detailed requirements for each of the principal navigation
processing functions are discussed in the following sections.

f
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4.3.1 Entry Navigation

The entry navigation principal function is to provide an up-to-date estimate of

the Shuttle's position, velocity, and other parameters for software users, such

as guidance and displays. This principal function will be scheduled by the

deorbit/landing navigation sequencer. Variables interfacing with this function

are identified in Appendix G.

Entry navigation will use data from as many as three IMU's to maintain current

estimates of three state vectors. However, navigation state propagation will

not use accelerometer data unless the sensed velocity magnitude is above a

premission-determined level. The measured accelerations due to drag will also

be used, together with an atmosphere model, to generate pseudo altitude
measurements.

A Kalman filtering technique will be used when updating the three inertial state

vectors with TACAN, BARO altimeter or pseudo DRAG altitude measurements. If a

whole vector or time tag update is indicated, the state vectors will be updated
and covariance matrix reinitialized as described in Section 4.3.1.4.3. Otherwise,

the three state vectors will be propagated and then will be reduced to single

quantities, as described in Section 4.2.5, to obtain a vector to compute
the state transition matrix. The state error covariance matrix will then

be propagated. If a delta state update is indicated, the state vectors will

be updated and covariance matrix reinitialized as described in Section 4.2.6.

The measurement partials and the Kalman filter gain will be computed. The

filter will then compute the three measurement residuals and select one;

and after a reasonability test and data editing, the Kalman gain and the

measurement residuals will be used to update the initial three propagated

state vectors. The three position and velocity state vectors will then be

reduced to single vectors as described in Section 4.2.5 for computing user

parameters and display parameters.

m
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4.3.1.1 Entry Control

The entry navigation principal function will provide the capability to control

state and covariance matrix propagation and filter updates; three state vectors
will be maintained.

g. Detailed Requirements. Entry control will perform the following tasks in

the order indicated. (For definitions of variables, see input and output

Tables 4.3.1.1-I and 4.3.1.1-2.)

(I) An attitude parameters data snap will be performed as described in Sec-

tion 4.3.1.2. The data snapped will be converted from degrees into
radians for internal use.

ALPHA : ALPHAIN RAD PER DEG

BETA : BETAIN RAD PER DEG
m --

(2) The accumulated sensed velocities from three IMU's the selected

sensed velocity and the corresponding time tag will be obtained

as described in Section 4.3.1.5.

(3) An external sensor data snap will be performed as described in Section

4.3.1.2.

(4) The op-code associated with uplinkec data shall be tested to determine

if a whole vector (M50 coordinates) has been provided via the ground

communication link. If data has been uplinked, the onboard state

vector shall be replaced as described in section 4.3.1.4.3 and the

op-code set to a value of zero to prevent repeated use of the same

information. Items 5, 6, 7, and 8 below shall be bypassed if a

whole vector update has been performed.

(5) If there is no whole vector update to be accomplished, a flag, DO_DELTA_

T_UPDATE, (indicating that a downrange position correction shall

be accomplished by a state vector time tag adjustment) shall be

tested. If DO DELTA T UPDATE has been set to 'ON' by a keyboard

entry, then the input data needed by a whole vector update processing

will be defined, the flag turned to 'OFF' position to prevent

repeated execution and the navigatic.n state updated as described

in section 4.3.1.4.3. The necessary equations are:

R GND : R FILT

V GND : V FILT

T GND : T LAST FILT + DELTA T

DO DELTA T UPDATE : OFF

CALL: WHOLE VECTOR UPDATE
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where DELTA_T is defined through a keyboard entry. The sense of the
update mode is that a positive value of DELTA T is used to correct the

onboard navigated state when the navigated state is in error by being

too far downtrack compared to the solution obtained from groundtracking

data. A negative value of DELTA_T is used when the onboard state lags

behind the downtrack position as determined from groundtracking data.

Items 6, 7, and 8 shall be bypassed if a DELTA_T update is performed.

The three state vectors will be propagated as described in section
4.3.1.5.

(7)

(8)

(9)

The covariance matrix propagation subfunction will propagate the

covariance matrix as described in section 4.3.1.6.

After propagation of the navigation state vectors and covariance

matrix, a flag, DO_DELTA_UPDATE, shall be tested to determine if a

delta state update has been requested by either keyboard entries or via

command uplink. If such an update has been requested, the navigation

state shall be updated as described in section 4.3.1.4.2.

The entry sensor measurement selection subfunction will determine which

measurements (drag altitude, TACAN range and bearing, BARO altitude)

are to be presented to the filter for processing as described in sec-
tion 4.3.1.3.

(I0) The navigation reconfiguration subfurction will set up the proper state

vectors and covariance matrix or TAC_N site location data for use by

the state and covarianee matrix update task as described in section
4.3.1.4.

(11)

(12)

The state and covariance measurement incorporation subfunction will

update the state vectors and covariance matrix as described in section

4.3.1.7. A counter, (DRAG_MARK_NUM, TACAN MARK NUM, or BARO MARK NUM),

will be incremented for each measurement p_ocessed to indicate the mark

number for post-mission analysis purposes.

The following parameters necessary for the user parameter propagation

principal function will be reduced to single parameters as discussed in

section 4.2.5: the filter's position and velocity vector and the grav-
ity vector.

(13) The position and velocity, the associated time tag, the selected grav-

ity vector, and the selected IMU velocity counts will then be stored

for use by the user parameter state propagator as described in section
4.2.10.

(14) Finally, the entry measurement processing statistics subfunction

(Section 4.3.1.8) shall be performed.

Interface Requirements. The input and output parameters are listed in

Tables 4.3.1.1-I and 4.3.1.1-2.

t
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Processing Requirements. Entry control will be executed at a premissJon-

determined rate when the entry navigation principal function is scheduled.

Constraints. The attitude data SNAP statement implies the assignment of cur-

rent values, to the variable names ALPHAIN and BETAIN which are assumed to

be in units of degrees from the ATT PROC principal function. The flag

DO_DELTA_T_UPDATE may not be set to the 'ON' position (by software

external to navigation) until after the desired value of DELTA_T has
been established.

Supplemental Information. A suggested implementation of entry control is

illustrated by NAV_ENTRY in Appendix B.
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4.3.1.2 External Sensor Data Snap

The purpose of this subfunction during the entry navigation phase is to collect

and store sensor data (TACAN and BARO altimeter) for subsequent use in the state

and covariance measurement incorporation subfunction. This subfunction is

required to ensure that the data sets used in navigation processing are properly

saved for use in the state and covariance measurement incorporation subfunction,

whereas the actual data may continue to be refreshed by hardware sensor reading,

sensor SOP processing, and selection filter unification. In addition, attitude

parameters will be collected and stored for subsequent use in the calculation of
drag acceleration.

Ao Detailed Requirements. During the entry phase, the magnetic bearing of the

TACAN station from the Shuttle and the slant range distance from the TACAN

ground beacon, together with the data-good flags, will be collected and

stored. The associated time tag will be collected, adjusted by a

premission-loaded time bias, and stored. The current TACAN line replacement

unit (LRU) number also will be collected and stored. The following equa-

tions define the parameters necessary to accomplish the above requirements:

SNAP TACAN (Q_TAC_BRG, Q_TAC_R, TAC_RNGDATAGOOD,

TAC_BRG_DATA G00D, T_TACAN, SEL_LRU_ID)

T TACAN = T TACAN - TIME BIAS TACAN

Barometric altimeter data is also collected and stored. This includes the

Shuttle's barometric altitude, a flag indicating if the Shuttle is in the

MACH jump region, its data good flag and the associated time tag, adjusted

by a premission loaded time b_as. The following equations define the parame-

ters necessary to accomplish the above requirements:

SNAP BARO ALTIMETER (Q_BAR0, MACH_JU_P, BARO_DATA_GOOD, T_BARO)

T BARO : T BARO - TIME BIAS BARO

In addition, the angle of attack, sideslip angle, and the M50-to-body

quaternion will be collected and stored. The following equation defines the

parameters necessary to accomplished this requirement:

SNAP ATTITIUDE (ALPHAIN, BETAIN, Q_M50_BODY)

Be Interface Requirements. The input and output parameters are listed in

Tables 4.3.1.2-I and 4.3.1.2-2, respectively. The output time tag is
assumed to have been associated with the sensor's measurement (the time FCOS

commands the read, adjusted by applying a time bias correction).

C. Processing Requirements. It is required that the TACAN sensor data

(measurements, ID's, validity flags, and time tags) be made available for

the collection and storage processes. The collection rates (not necessarily

sensor interrogations) are indicated by the entry navigation sequencers.

However, these rates assume that the available data are fresh. This implies

4.3.1.2-I
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that SOP'sprocessing and selection filtering must be at a rate equal to or
greater than the collection rate. This _s also true for BAROaltimeter
data.

D. Constraints. The data collections should occur after a complete current set

is available and Just prior to use in navigation in order to supply current
data.

E. Supplementary Information. A suggested implementation of the entry external

sensor data snap subfunction, in the detailed flow chart NAV_ENTRY, can be

found in Appendix B. The snap statement above implies the assignment of cur-

rent values to the variable names shown in parentheses.

4.3.1.2-2
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4.3.1.3 Sensor Measurement Selection

A capability, designated as the entry sensor measurement selection subfunction,

is required to determine whether sensor measurement data will be presented to

the state and covariance measurement incorporation subfunction (Section 4.3.1.7)

when the entry navigation principal function is active. Selection of sensor

measurement data will also mean that knowledge of this data selection will be

provided to the measurement reconfiguration subfunction (Section 4.3.1.4.1) to

cause proper initialization of TACAN site data.

A. Detailed Requirements. The requirements for this subfunction are given as

a set of necessary sensor selection capabilities. Only TACAN, BARO, and

DRAG altitude measurement data will be considered for selection while the

entry navigation principal function is active. The following capabilities

will be provided.

(I) There will be both manual (crew) and automatic control of sensor mea-

surement selection.

(2) The crew will be able to force or inhibit each measurement data type,

or allow automatic selection.

(3) Manual control (force or inhibit) overrides automatic selection. If a

crewman forces valid TACAN data then these data will be presented to

the state and covariance measurement incorporation subfunction. If a
crewman inhibits valid TACAN or baro_letric altimeter data then these

data will be processed for statistical display purposes only. The

force or inhibit of sensor measurement data stays in effect across

major mode transitions and is removed by reverting to automatic

selection.

(4) The forcing of a sensor measurement data type will override the resid-

ual edit of that data type if it is selected for processing.

(5) If barometric altimeter data are indicated valid and are forced, then

BARO data will be selected for processing provided the Shuttle is not

in the MACH jump region (discontinuity region). If barometric altimeter
data are indicated as valid and the automatic selection mode is

employed, then BARO data will be selected for processing provided

the Shuttle is not in the MACH jump region and the magnitude of

the Orbiter relative velocity does not exceed a landing site dependent

maximum. Otherwise, the H INHIB flag is set to ON, to be used by

the entry measurement processing statistics subfunction event lamp

processing. If barometric altimeter data are not indicated as valid

then BARO data will not be selected for processing.

(6) If barometric altimeter data are not indicated as valid, then DRAG data

will be selected for processing provided DRAG data are forced; or, if

the automatic selection mode for DRAG data is employed, the orbiter is

above a premission-determined altitude, and the magnitude of sensed ac-

celeration is larger than a premission-determined minimum value. If

DRAG processing is in the automatic selection mode and the orbiter is

4.3.1.3-1



B.

C.

m.

E.

78FM56

(7)

(8)

above a premission-determined altitude and the magnitude of sensed ac-

celeration is less than a premission-determined minimum value, then the

HINHIB flag will be set to ON, to be used by the entry measurement

processing statistics subfunction event lamp processing. If DRAG

processing is in the automatic selection mode and if the orbiter is

below a premission-determined altitude and if the magnitude of the

orbiter's relative velocity is greater than a landing site dependant

maximum, then H INHIB is set to ON, to be used by the entry measurement

processing statistics event lamp processing.

If TACAN data selection is automatic, then TACAN data will be selected

provided either TACAN range or bearing data are indicated valid.

No sensor measurement data type shall be selected while the deorbit

burn is in progress.

Also, thls subfunction will initialize the measurement edit indicators to

zero for subsequent use by the state and covariance measurement incorpora-
tion subfunction.

The result of selection of sensor measurements for processing of data or for

computation of measurement statistics will be provided as indicated in

Tables 4.3.1.3-3 and 4.3.1.3-4. The terminology "process" means that the

state and covariance measurement incorporation subfunctlon may incorporate

the measurement data into the state estimation. The terminology "display"
means that the state and covariance measurement incorporation subfunctlon

may perform the processing of data for display of measurement statistics,

but is prohibited from incorporating the data Jnto the state estimation.

Interface Requirements. The input and output parameters for this
subfunction are indicated in Tables 4.3.1.3-I and 4.3.1.3-2.

Processin 5 Requirements. This subfunction will be performed after sensor

data have been saved and the covariance matrix propagated, and before the

measurement reconfiguration subfunction (Section 4.3.1.4.1) is executed.

Constraints. Drag processing will not be performed during the deorblt burn

even if the crewman forces drag.

Supplemental Information. The foregoing requirements indicate the existence

of a three-position software switch for each sensor measurement data type;

that is, AUTO/INHIBIT/FORCE. Display requirements indicate the existence of

a return three-position software switch for each sensor to activate the HSD

processor according to the actual condition.

The minimum acceleration magnitude constraint upon processing of drag data

is employed to prevent incorporation of "noise" from the accelerometers.

The altitude constraint is employed because of modeling errors in

atmospheric density and the vehicle's drag coefficient.

4.3.1.3-2
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A candidate implementation of this subfunction is shownin ENTRYSENSOR
SELECTcode (Appendix B). This code is executed by NAV_ENTRY,the candTdate
implementation of the entry control subfunction.
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TABLE4.3.1.3-3.- TACANSELECTION

!
! F
I 0
! R
! C
! E
!
!
! I
! N
! H
! I
! B
! I
! T
!
i
! A
! U
! T

! 0
!

RANGE AND BEARING !

DATA BAD !

!

RANGE OR BEARING

DATA GOOD

Process

Display

Process

No Selection

No Selection

No Selection

4.3.1.3-8



TABLE4.3.1.3-4.- BARO-DRAGSELECTION

iF ¸

BARO SELECTION LOGIC

! ! !

! ! DATA GOOD !

! DATA ! ! !

! BAD ! MACH CONSTRAINTS MET ! SOME MACH CONSTRAINTS FAILED !

! ! ! !

l ! ! l l l ! !

l ! AUTO ! INHIBIT ! FORCE l AUTO l INHIBIT ! FORCE '

l l ! ! l ! l !

4>

! ! ! ! ! ! ! !

! EMPLOY ! ! ! ! ! ! PROCESS* !

! DRAG ! PROCESS ! DISPLAY ! PROCESS ! NO ! DISPLAY ! BARO !
! SELEC- ! BARO ! BARO ! BARO ! SELECTION ! BARO ! !

l TION ! l ! ! l ! NO # !
! LOGIC ! ! ! ! ! ! SELECTION !
l l l l ! l ! !

DRAG SELECTION LOGIC I

! ! !
! AUTO ! !
! l !

! ! l !

! ALTITUDE OR ACCEL. ! ALTITUDE AND ACCEL.! INHIBIT !

! CONSTRAINTS FAILED ! CONSTRAINTS MET l !
l ! ! !

FORCE

l ! l ! l

! NO ! PROCESS ! DISPLAY ! PROCESS !
! SELECTION ! DRAG ! DRAG ! DRAG !

! ! ! ! !

*If above baro mach maximum but not in baro discontinuity region.

#If in baro discontinuity region.

IEmployed only if Baro data is labeled bad.
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4.3.1.4 Entry Navigation Reconfiguration

A capability will be provided for initialization or reinitialization of certain

navigation variables when events occur that require configuration of the naviga-

tion software. These events include the initialization of TACAN station infor-

mation when the TACAN ID changes, and ground updates to the onboard navigated
state vector and associated covariance matrix reinitializations.

W

O

4.3.1.4-I
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4.3.1.4.1 Measurement reconfi_uration. A capability will be provided for

initialization of the TACAN station information when TACAN processing begins or
when the TACAN station ID has changed.

A, Detailed Requirements. The entry sensor measurement selection subfunction

will provide a capability for determining when TACAN measurements are to be

processed. The measurement reconfiguration subfunction will be executed

when TACAN measurements are first available or when the TACAN station ID has

changed. This subfunction shall obtain the following information from the

site lookup principal function (Section 4.5.2) only if the selected TACAN
channel is indicated valid.

TACAN station information:

TAC_CHAN_VALID = TACAN_CHAN_VALID_SLsEL_LRU_ID

_TACANEF = R _TACAN EF SLsEL_LRU_ID

M_EFTOTDTACAN = M_EFTOTD_TACAN_SLsEL_LRU_ID

ANGLE_CORR_TNTOMAG = ANGLE_CORR_TNTOMAGSLsEL_LRU_ID

BIAS_TAC R = BIAS TAC_R_SLsEL_LRU_ID

BIAS_TACBRG : BIAS_TACBRG_SLsEL_LRU_ID

TACAN ID LAST = TACAN_IDsEL_LRU_ID

B. Interface Requirements. The input and output variables for this subfunction
are described in Table 4.3.1.4.1-I and 4.3.1.4.1-2.

C. Processing Requirements. The measurement reconfiguration subfunction shall

be performed prior to processing of TACAN measurements and after the execu-

tion of the entry sensor selection subfun_tion.

D. Constraints. It is required that the TAC_N redundancy management and the

entry navigation principal function execute in the following sequence:

(I) TACAN RM

(2) Entry navigation

The site lookup principal function TACAN-_elated output parameters may

not be changed during the time interval starting with the initiation

of TACAN RM selection filtering and ending with the completion of the

entry navigation execution.

4.3.1.4.1-I



E°

78FM56

Supplementary Information. Although the detailed requirements show data

being copied from the site lookup principal function into specific naviga-

tion variables; there is no reason why the site lookup data could not be
used directly by the filter if the above constraint is realized. A

suggested implementation of the measurement reconfiguration subfunction is

illustrated by the flow chart NAV_SENSOR_INIT in Appendix B.

4.3.1.4.1-2
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4.3.1.4.2 Delta state update. During operation of the entry navigation princi-

pal function, a capability for a delta state update of the Orbiter's onboard
navigated state shall be provided.

A. Detailed Requirements. Detailed requirements for the performance of the

delta state update task are described in Section 4.2.6.

B. Interface Requirements. Input and output requirements for the delta state

update task are shown in Tables 4.3.1.4.2-I and 4.3.1.4.1-2.

C. Processing Requirments. The delta state update task will be initiated from

inputs supplied by either the HSD specialist function processing software or

.y the ground uplink processing software. The delta state update subfunction

(during operation of the entry navigation principal function) will be

initiated after state propagation, and covariance propagation subfunctions

have been completed, at a rate as specified by the navigation sequencer

principal function. This task will be performed prior to the measurement

selection subfunction if a whole vector update is not indicated (OP_

CODE _ 0001001), a time-tag update is not indicated (DO_DELTA_T_UPDATE

= OFF), and if the DO DELTA UPDATE flag is detected to be in the ON position.

This flag is checked by the-NAV entry control subfunction in every cycle

of the NAV entry principal function.

D. Constraints. None

E. Supplementary Information. Procedures will be established to inhibit

redesignation of the runway and the incorporation of measurement data into

the onboard state vector during the time interval between

(I) the time of the difference vectors computation and

(2) the time of their application to the onboard state vector. Correction

terms, rather than the total vector, are sent up by the ground because
the correction terms are less sensitive to errors between the time of

their computation and the time that they are actually applied to cor-

rect the onboard state vector.

A suggested implementation in the form of a detailed flow chart (OPS_3_DELTA

UPDATE) may be found in Appendix B.
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4.3.1.4.3 Whole vector update. During operation of the entry navigation prin-

cipal function, a capability for a whole vector update of the Orbiter's onboard

navigated state shall be provided.

Ao Detailed Requirements. A capability shall be provided for updating the po-

sition and velocity of the Orbiter in flight by ground-originated command

uplink. This capability shall be provided by a whole vector update that re-

places the Orbiter's position and velocity vectors with values uplinked in

Mean of 1950 (M50) coordinates, with associated time tag.

The performance of a whole vector update will require the vectors R GND and

V GND and the associated time tag TGND to be supplied. These variables

must be set to the desired values before the whole vector update task is

invoked. The entry navigation control subfunction invokes the whole vector

update task when the command uplink identification code, OP_CODE, has been
set to a value of 0001001.

_GND is the uplinked ground estimated position of the Orbiter in M50

coordinates.

GND is the uplinked ground estimated velocity of the Orbiter in M50
coordinates.

T_GND is the uplinked time tag of the ground estimated state vector.

The update shall be performed as follows:

Using the entry precise predictor principal function (see Section 4.5.1)

with GMD_PRED and GMO_PRED both equal to 4 and DT MAX equal to a premission

determined value, the uplinked vectors shall be propagated from the time

T GND to the time T CURRENT FILT. The resulting vectors will then replace the

onboard estimated position and velocity vectors. The final modeled acceler-

ation vector calculated by the entry precise predictor principal function

will also replace that calculated within the navigation state propagation

task for use by the user parameter state propagation task.

The equations required to generate the new vectors R _FILT ONE, R _FILTTWO,

R FILT THREE, V FILT_ONE, V _FILT_TWO, V _FILT THREE, G _ONE_OLD, G _TWO_OLD,

and G _THREE_OLD and to perform the required reinitialization of the naviga-

tion subsystem, are detailed in the following description.

(I) Predict the uplinked state vector to current time

GMD PRED : 4

GMO PRED = 4

DT MAX : DEL TIME STEP

R INIT : R GND

V INIT : V GND

4.3.1.4.3-1
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T INIT = T GND

T FINAL : T CURRENT FILT

CALL: ENTRYPRECISE_PREDICTOR

(2) Replace the filter states with the predictor outputs:

R FILT ONE : R FINAL

R FILT TWO = R FINAL

R FILT THREE : R FINAL

V FILT ONE : V FINAL

V FILT TWO : V FINAL

V FILT THREE : V FINAL

G ONE OLD = G FINAL

G TWO OLD : G FINAL

G THREE OLD : G FINAL

V LAST FILT : V CURRENT FILT

T LAST FILT : T CURRENT FILT

(See Section 4.5.1 for detailed requirements of the entry precise predictor

principal function.)

(3) In the next step, the covariance matrix E shall be set to zero, and

reinitialized with the appropriate diagonal (SIG DIAG_UPDATE_M50) and

off-diagonal (CORR_COEFF UPDATEM50) elements obtained from premission

loaded values. The parameters required to compute these elements will

be premission loaded in the UVW coordinate system and rotated to M50

coordinates at the time of their incorporation into the covariance

matrix. Detailed requirements for this covariance matrix reinitializa-
tion are described in Section 4.2.9.

Interface Requirements. Input and output requirements for the whole vector
update task are shown in Tables 4.3.1.4.3-I and 4.3.1.4.3-2.

Processing Requirements. The whole vector update task shall be initiated by

the uplink processing software by setting OP CODE equal to 0001001. The

whole vector update task (during operation of the entry navigation principal

function) shall be performed before and in place of state propagation, prior

to entry sensor selection when the value of OP_CODE is 0001001. OP_CODE

shall be checked at a rate as specified by the entry navigation sequencer

principal function.

I

4.3.1.4.3-2
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Constraints. The requirements expressed make no provision and provide no

explicit protection against having the uplink buffer inadvertently

overwritten by subsequent uplink before the required data processing is

performed. If the testing for uplink information and processing of data
cannot be assured before the buffer must be cleared or before an additional

uplink could occur, it will be necessary to supply software external to the
navigation function to test for the state vector uplink and save the neces-

sary input data for processing by the navigation function.

Supplemental Information: The whole vector update task should be performed

only during periods of unperturbed coasting flight as any venting or

thrusting will result in degraded performance. The variables G ONE OLD,

_TWO_OLD, G _THREE OLD, V LAST LAST and TLAST_FILT are saved-off_ since no

state vector propagation is performed if the whole vector is to be invoked.

A suggested implementation in the form of a detailed flow chart (WHOLE

VECTOR_UPDATE) may be found in Appendix B.
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4.3.1.5 State Propagation

The state propagation subfunction that is active during operation of the entry

navigation principal function will be invoked for the operation of propagating

orbiter position and velocity vectors. In portions of the entry phase in which

appreciable nongravitational accelerations are present, IMU data are snapped and

used along with modeled gravitational acceleration by the super-g integration

task for position and velocity propagation. In the higher altitude coasting

flight regions during which the entry navigation principal function is active,

IMU data are ignored, and modeled gravitational and drag accelerations are used

by the super-g integration task for position and velocity propagation. Since

the entry navigation principal function requires a three-state configuration,

all propagation will be performed separately for each of the three state
vectors.

A. Detailed Requirements. Propagation of Shuttle position and velocity vectors

will be performed as follows:

(i) Acquire three sets of current, IMU-sensed, total accumulated velocity,

and the selected sensed accumulated velocity along with the associated

time tag:

V CURRENT FILT ONE

V CURRENT FILT TWO

V CURRENT FILT THREE

V CURRENT FILT

T CURRENT FILT

Detailed requirements for this IMU data snap task are given in Section

4.2.1.1 (three-state configuration).

(2) Compute the difference between the current and the previous time tags

associated with the IMU snaps. This will be the interval over which

state propagation is desired:

DT FILT : T CURRENT FILT - T LAST FILT

(3) Determine whether drag modeling or IMU data shall be employed in

computing vehicle acceleration. The decision to incorporate IMU data

will be based upon the magnitude of sensed acceleration being larger

than a premission-determlned constant. The following equation is

required for the implementation:

ACC_SENSED : IV _CURRENT_FILT - _V_LAST_FILT I/DT_FILT F3

F3-This equation shall be protected against division by zero (reference 3.6.3).

4.3.1.5-I
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After computation of ACC_SENSED, save the selected l_J velocity for use
on the next cycle:

_V _LAST_FILT : V CURRENT FILT

If ACC_SENSED > ACC PROP MIN, then USE IMU DATA : ON, GM DEG : 2, and

GM_0RD --0; otherwise USE_IMU_DATA = 0FF, __DEG = 4 and-GM_0Rm = 4.

(4) Perform three separate integrations of the positlon/velocity equations

of motion with use of the super-g task (refer to Section 4.2.1.3 for
detailed requirements), once for each state vector. The position/

velocity vectors shall be propagated to the current time of IMU data
collection T CURRENT FILT:

R _FILTONE, R _FILTTWO, R _FILTTHREE

_V _FILTONE, V _FILTTW0, V _FILTTHREE

and the current IMU-accumulated, sensed velocity vectors will be saved

for the next cycle (refer to Section 4.2.1.3):

V LAST FILT ONE

V LAST FILT TWO

V LAST FTLT THREE

The difference between accumulated _ensed IMU readings on the present

cycle and the previous cycle for all the IMU's along with the

gravitational acceleration vectors _rill be saved:

DV_FILT_ONE, DV FILTTW0, DV_FZLTTHREE

G _ONEOLD, G TWO_OLD, G _THREE_OLD

(5) Save the current time tag for the next cycle:

T LAST FILT : T CURRENT FILT

Interface Requirements. The input and output parameters are listed in
Tables 4.3.1.5-I and 4.3.1.5-2, respectively.

Processing Requirements. The state propagation subfunction will be

performed before the covariance propagation subfunction. This subfunction

will be performed each cycle at the entry navigation rate. This subfunction

will not be performed if a whole vector update is indicated, or if a

time tag update is performed.

D. Constraints. None.

4.3. I.5-2
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Supplementary Information: A suggested implementation in the form of the
following detailed flow charts may be found in Appendix B.

NAV_ENTRY, IMU data snap

NAV STATE PROP

SUPER G NAV
D

ACCEL

4.3. I.5-3
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4.3.1.6 Covarianee Propagation

The covariance matrix propagation subfunction propagates the covarlance matrix

forward in time. The covariance matrix is propagated by utilizing the state

transition matrix. Additive process noise is incorporated to account for

unmodeled state and dynamic errors.

A, Detailed Requirements. A 6 by 6 covariance matrix shall be propagated with

the entry navigation principal function. This covarlance matrix defines the

uncertainty in the state vector, which consists of position and velooity of

the vehicle. The method of propagation is described in Section 4.2.2.

Since the entry navigation principal function maintains three state vectors

(i.e., NAV_THREE_STATE is ON), the current selected filter position vector,

_FILT, which is required in the covariance propagation, is obtained

by

_FILT : VECTOR SELECTION OF (R _FILT_ONE,

R _FILT_TWO, _RFILT_THREE)

where vector selection is performed as described in Section 4.2.5.

B. Interface Requirements. The input and output data are shown in Table
4.3.1.6-I and 4.3.1.6-2.

C. Processing Requirements. This subfunction will be called after the IMU

sensor data have been read and after the state propagation subfunction has
been executed.

D. Constraints. Prestored data are to be used for initialization. The

propagated covariance matrix must remain symmetric.

E. Supplementary Information. A possible implementation of this subfunotion is

shown in the flow charts COVEXTRAP_PF and GRAVITY_GRADIENT in Appendix B.
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4.3.1.7 State and Covariance Measurement Incorporation

The state and covariance measurement incorporation subfunction updates the three

state vectors and eovariance matrix with drag altitude pseudo-measurements or

barometric altitude measurements and/or TACAN sensor measurements by using a 6-

state process noise Kalman filter. The six elements of the state vector are

navigation base Shuttle position and velocity in MS0 coordinates.

A. Detailed Requirements. The state and covariance measurement incorporation

subfunction is exercised only if data are available for processing as deter-

mined by the sensor measurement selection subfunction (Section 4.3.1.3) and

the respective measurement subfunctions (Sections 4.3.1.7.1 through

4.3.1.7.4). The sensor measurement selection subfunction determines which

measurement types are to be considered for processing. The measurement

subfunctions process sensor data that are labeled as valid.

The measurement subfunctions shall compute a measurement residual for each

of three state vectors. The subfunction then calculates the first partial

derivatives of the estimated measurement with respect to the middle selected

state, as well as the appropriate variance to model instrument error. Drag

altitude, barometric altimeter, and TACAN range and bearing measurements

will be available with the ENTRY navigation principal function.

Once a particular measurement subfunction has completed processing valid

data, the filter control flags shall be set as follows:

Drag:

MANUAL EDIT OVERRIDE : DRAG EDIT OVERRIDE

STAT FLAG : DRAG STAT

TA CAN :

MANUAL EDIT OVERRIDE : TACAN EDIT OVERRIDE

STAT FLAG : TACAN STAT

BARO:

MANUAL EDIT OVERRIDE : BARO EDIT OVERRIDE

STAT FLAG : BARO STAT

The state and covariance measurement incorporation subfunction shall then

update the state and covariance matrix provided that either the residual

edit criterion is met or the crew edit override is active, as described in

Section 4.2.4.

4.3.1.7-I
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The following TACAN data shall then be stored after the particular measure-

ment type has been processed for subsequent computation of measurement

processing statistics as described in Section 4.3.1.8:

SENSOR-EDITI and 2 = EDIT_FLAG

SENSOR-RESID-TESTI and 2 = RESID_TEST

SENSOR-DELQI and 2 : DELQ

where the subscript I corresponds to bearing and 2 to range.

The following drag data shall be stored after the drag altitude pseudo-

measurement has been processed, for subsequent computation of measurement
processing statistics:

SENSOR_EDIT 4 : EDIT_FLAG

SENSOR_RESID_TEST 4 : RESID_TEST

SENSOR_DELQ 4 = DELQ

Similarly, the barometric data shall be stored after the barometric altimeter

altitude measurement has been processed, for subsequent computation of
measurement processing statistics:

SENSOR_EDIT 3 : EDIT_FLAG

SENSOR_RESID_TEST 3 : RESID_TEST

SENSOR_DELQ 3 : DELQ

Interface Requirements. The input and output for this function are given in

Tables 4.3.1.7-I and 4.3.1.7-2, respectively.

Processing Requirements. This subfunction is not exercised until the exter-

nal sensor data snap, sensor measurement selection, navigation reconfigura-
tion, and state and covariance propagation subfunctions have been performed.

The measurement processing statistics subfunction cannot be initiated until

this subfunction is completed.

Constraints. There is no requirement in the state and covariance measurement

incorporation subfunction to perform updating if the data-validity flag in-

dicates bad data. No manual override of this flag exists in this

subfunction. If it is desired to process a particular measurement, the
data-valldity flag must be made to indicate that the data are valid.

Supplementary Information. A possible implementation of the state and

covariance measurement incorporation subfunction is presented in the flow

charts of Appendix B, NAV_ENTRY, NAV_FILTER, and STATE_UPDATE.
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4.3.1.7.1 Drag altitude. The drag altitude measurement subfunction constructs

a pseudo-altitude measurement, an estimated altitude measurement, and a measure-

ment residual for each of three state vectors. The pseudo-altitude measurement

is calculated from accelerometer outputs, a model of air density as a function

of altitude, and a model of drag as a function of the angle of attack. The

subfunction also calculates the first partial derivatives of the estimated mea-

surement with respect to the middle selected state vector, as well as the appro-

priate variance to model the instrument error.

A. Detailed Requirements. A description of symbols used in the following equa-

tions may be found in Tables 4.3.1.7.1-I and 4.3.1.7.1-2.

Drag Residual. The subfunetion shall compute the drag altitude estimate by

using the equation

Q : H_ELLIPSOID(R)

where the function H_ELLIPSOID generates the height above the reference

ellipsoid, as described in Section 4.4.5.1.

A_four-layer atmospheric model shall be used to compute the pseudo-altitude

measurement. The scale height, H_S, and the density at the base, RHO ZERO,

used in the equations of pseudo-altitude measurement shall be selected as a

function of the estimated altitude, Q. Also, the deterministic drag bias
shall be selected as a function of the altitude.

DO FOR I : 1,4:

If Q > DENSITY_LIMITI, then LAYER : I.

Then:

H_S : SCALE_HTLAYER,

RHO_ZERO : BASE_DENLAYE R and

BIAS_DRAG = BIAS_DRAG_LAYERLAYE R

where DENSITY_LIMIT, SCALE_HT, BASE_DEN and BIAS DRAG_LAYER are premission-
determined constants.

This subfunction shall then compute the pseudo-altitude measurement with the

equations

RHO : V REL (V, R)

I V RHO : UNIT (V_RHO)

V RHO_BODY : M_SBODYM50 T V _RHO

4.3.1.7.I-I
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ALPHAR= IARCTAN(V_RHO_BODY3/VRHO_BODYI) I (F7,F3)

C_DRAG : C_DRAG_ZERO + ALPHAR (C_DRAG_ONE + ALPHAR CDRAG_TWO)

Q_DRAG : HS £n (C_DRAG DRAG CONST RHO ZERO

DTFILT (V _RHO • V _RH0)/I( _ _RHO • Dr) I) F3

where

_REL(V, R) is described in Section 4.4.5.2.

and

MSBODYM50 is obtained by executing the coordinate transformation

subfunctin SBODY TO M50 (Section 4.4.3.7)

DRAGCONST will be defined as the vehicle reference area divided by twice

the vehicle mass. Initially the DRAG_CONST is premission loaded and

re-computed anytime a major mass change occurs, by the deorbit/landing

navigation sequencer (section 4.1.1). The residual shall then be computed
by

DQ : Q_DRAG - Q - BIAS DRAG

The above calculations will be performed for each state vector. The vari-

ables used in these equations shall be set equal to the following parameters
prior to execution of the calculations described herein:

: R _FILT_ONE, R _FILT_TWO, or R _FILT_THREE

: V _FILTONE, V _FILTTWO, or V _FILT_THREE

DV : DV_FILTONE, DV_FILTTWO, or _DVFILT_THREE

For each state vector, the resulting residual, DQ, will be saved as DELQ_

ONE, DELQ_TW0, or DELQ_THREE. The vector selection subfunction (Section

4.2.5) will reduce the three residuals to a single residual, DELQ, for sub-

sequent use in the residual edit test.

F3-This equation shall be protected against division by zero (reference 3.6.3).

F7-This equation shall be protected against arc tangents with both arguments

equal to zero (reference 3.6.7).

4.3.1.7.1-2
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Drag Partials. The partial derivatives of the altitude measurement with

respect to the state are to be computed as follows:

R _FILT : VECTOR SELECTION OF (_R_FILT__ONE, R FILT_TWO,

_R _FILT_THREE)

BI to 3 --UNIT (R_FILT)

B4 to6:0 •

The variance of the drag altitude measurement error will be defined by

VAR = VAR DRAG

The scale factor on the filter mean square residual used in the residual edit

test, K_RES_EDIT, is set equal to K_EDIT_DRAG, which is a premission load.

The state and covariance matrix will then be updated, provided that the re-
sidual edit criterion is met, as described in Section 4.2.4.

B. Interface Requirements. The input and output variables for the drag mea-

surement subfunction are given in Tables 4.3.1.7.1-I and 4.3.1.7.1-2.

C.

Processin_ Requirements. This subfuncti(,n shall be performed after the

state and covariance propagation (Section 4.3.1.5 and 4.3.1.6), at the basic

filter rate. This subfunction is performed as long as drag altitude mea-
surements are being processed.

D. Constraints. None

m. Supplementary Information. A suggested implementation of this subfunction

is shown in flow charts DRAG_NAV CODE, DHAG_COMP, H ELLIPSOID, V REL of Ap-
pendix B. The drag residual computations are contained in a subroutine with

input and output argument lists to facilitate use with three state vectors.

The flow-charts contain a combination of the requirements described in this

section with some that are described in Section 4.3.1.7, namely the setting
of the filter control flags MANUAL EDIT OVERRIDE and STAT FLAG to DRAG EDIT

OVERRIDE and to DRAG_STAT, respectively, the call to NAV FILTER and the set-

ting of the display parameters SENSOR_EDIT4, SENSOR_RESID_TEST 4 and SENSOR
DELQ 4 to EDIT_FLAG, RESID_TEST and DELQ, respectively.

4.3. I.7.1-3
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4.3.1.7.2 TACAN range. The TACAN range measurement subfunction computes an

estimated range from the Shuttle to the TACAN station and a range residual for

each of the three state vectors. The subfunction also calculates the first par-

tial derivatives of the estimated measurement with respect to the middle

selected state vector and selects the appropriate variance to model the instru-

ment error. It is assumed that TACAN range data will be provided by the TACAN

RM by way of the sensor data snap.

A. Detailed Requirements. A description of the symbols used in the following

equations may be found in Tables 4.3.1.7.2-I and 4.3.1.7.2-2.

The following calculations shall be performed for each state vector. The

variables used in these calculations shall be set equal to the following
parameters prior to execution of the calculations.

R : R FILTONE, R FILTTWO, or R _FILT_THREE

: V FILT ONE, V FILT_TWO, or V _FILT_THREE

DV : DV FILT_ONE, DV FILT_TWO, or DV_FILT_THREE

: G _ONE_OLD, G _TW0_OLD, Or G _THREE_OLD

First, the position vector shall be interpolated to the time of the TACAN

sensor measurement, if required, as described in Section 4.2.3. The range

residual shall then be calculated as described in Section 4.2.7.1

For each state vector, the interpolated position vector, R RESID, shall be

saved as R RESID ONE, R RESID_TWO, or R RESIDTHREE, and the resulting
residual, DQ, sha_l be saved as DELQ_ONE7 DELQ_TWO, or DELQ_THREE. The

vector selection subfunction (Section 4.2.5) shall reduce the three

interpolated position vectors to a single position vector, R _RESID, for
subsequent use in the partial computations and the three residuals to a sin-

gle residual, DELQ, for subsequent use in the residual edit test.

The partial derivatives of the range measurement with respect to the state

shall be computed, and the variance shall be selected as described in Sec-

tion 4.2.7.1.

The scale factor on the filter mean square residual used in the residual

edit test, K RES EDIT, shall be set equal to K EDIT TACR, which is a
premission l-oad.- - -

The state vector and covariance matrix shall then be updated as described in
Section 4.3.1.7.

The quantity RESIDTEST, computed by the filter, shall be compared to the

design dependent parameter TACAN RNG CONVERGTEST. Depending on the outcome

of this comparison, the flag ONE-RANGE LOCK shall be set to ON or OFF: ON

if RESID TEST < TACAN RNGCONVERGTEST, OFF otherwise. The flag ONE_RANGE

LOCK sha_l then be ou-tput for use by the TACAN redundancy management.

4.3.1.7.2-I
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Interface Requirements. The inputs and outputs for the TACAN range measure-

ment subfunction are given in Tables 4.3.1.7.2-I and 4.3.1.7.2-2.

Processing Requirements. This subfunction shall be performed after the mea-

surement reconfiguration subfunction (Section 4.3.1.4.1) at the basic filter

rate. This subfunction shall be performed as long as TACAN range measure-

ments are being processed.

Constraints. This subfunctlon shall be executed only if the data are

indicated valid (i.e., the TAC RNG DATA GOOD flag is ON) and the TACAN chan-

nel data as provided by TACAN site lookup (Section 4.5.2.2) are indicated

valid (i.e. the TAC_CHANVALID flag is ON). ONE_RANGE_LOCK shall be
initialized to 'OFF'

Supplementarz Information. The location of the TACAN antenna has been

neglected in calculating the range measurement estimate since this error is

less than that associated with the measurement. A possible implementation

of this subfunction is shown in a portion of the flow chart TACAN NAV and

the flow chart TACAN RANGE COMP in Appendix B. The TACAN residua_ computa-

tions are contained _n a subroutine with input and output argument lists to

facilitate use with either three state vectors or one state vector. The

flow charts also show some of the requirements described in Section 4.3.1.7,

namely, the setting of the filter control flags MANUAL EDIT OVERRIDE and

STAT FLAG to TACAN EDIT OVERRIDE and TACAN STAT respectively, the call to

NAV FILTER, and the setting of the display-parameters SENSOR EDIT I or 2'

SENSOR-RESID-TESTI or 2' and SENSOR_DELQ I or 2 to EDIT_FLAG,-RESID_T_ST and
DELQ, respectively.

4.3.1.7.2-2
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4.3.1.7.3 TACAN bearing. The TACAN bearing measurement subfunction computes an

estimated bearing measurement with respect to the TACAN station and a measure-
ment residual for each of the three state vectors. The subfunction also calcu-

lates the first partial derivatives of the estimated measurement with respect to

the middle selected state vector and selects the appropriate variance to model

the instrument error. It is assumed that the TACAN bearing data referenced to

magnetic north are available from the TACAN RM by way of the sensor data snap.

A. Detailed Requirements. A description of the symbols used in the following

equations may be found in Tables 4.3.1.7.3-I and 4.3.1.7.3-2.

The position vector of the TACAN station in M50 coordinates R SCANNER is to

be computed by

M_EFTOM50 = EARTH_FIXED TO M50_COORD(T_TACAN)

_R _SCANNER : M_EFTOM50 _R_TACAN_EF

The transformation from M50 to topodetic coordinates is obtained by

M_M5OTOTD : M_EFTOTD_TACAN M_EFTOM50 T

where M_EFTOTD_TACAN and R_ _TACAN_EF were obtained from the measurement

reconfiguration subfunction (Section 4.3. I.4. I).

The flags, IN CONE_FLAG (which, when set to ON, indicates the vehicle is in-
side the TACAN's cone of confusion) and TAC BRG DATA GOOD (which indicates

the validity of bearing data) shall be chee/_ed.- -

The following calculations shall be performed for each state vector only if

the data are indicated valid (i.e., the TAC_BRGDATA_GOOD flag is ON and the
IN CONE FLAG is OFF). The variables used in these calculations shall be

set equal to the following parameters prior to execution of the calculations.

R : _R_FILT_ONE, R _FILT_TWO, or R _FILT_THREE

= V FILT_ONE, V _FILT_TWO, or V _FILT_THREE

DV : DV_FILT_ONE, DV FILT_TWO, or DV_FILT_THREE

G : G _ONE_OLD, G _TWO_0LD, or G _THREE_OLD

First, the position vector shall be interpolated to the time of the TACAN

sensor measurement, if required, as described in Section 4.2.3. The bearing

residual shall then be calculated as described in Section 4.2.7.2. For each

state vector, the interpolated position vector, _R_RESID, shall be saved as

_R_RESID_ONE, _R _RESID_TWO, or R _RESID_THREE, and the resulting residual,

DQ, shall be saved as DELQ_ONE, DELQ_TWO, or DELQ_THREE.

4.3.1.7.3-1
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The vector selection subfunction (Section 4.2.5) shall reduce the three

interpolated position vectors to a single position vector, R _RESID, for sub-

sequent use in the partial derivative computation and the three residuals to

a single residual, DELQ, for subsequent use in the residual edit test.

The partial derivatives of the bearing measurement with respect to the state

shall be computed, and the variance shall be selected as described in Sec-
tion 4.2.7.2.

The scale factor on the filter mean square residual used in the residual

edit test, K_RES EDIT, shall be set equal to K_EDIT_TACBR, which is a
premission load.

The state vector and covariance matrix shall then be updated as described in

Section 4.3.1.7.

The quantity RESID TEST, computed by the filter, shall be compared to the pa-

rameter TACAN_BRG_CONVERG TEST. Depending on the out come of this compari-
son, the flag ONE BRG LOCK shall be set to ON or OFF: ON if RESID TEST <

TACAN BRG CONVERG-TEST, OFF otherwise. The flag ONE BRG LOCK shal_ then be

output fo_ use by the TACAN redundancy management.

Interface Requirements. The input and outputs for the TACAN bearing measure-

ment subfunction are given in Tables 4.3.1.7.3-I and 4.3.1.7.3-2.

Processi__Reguirements. The subfunction shall be performed after the mea-

surement reconfiguration subfunctlon (Section 4.3.1.4.1) at the basic filter

rate. This subfunction shall be performed as long as TACAN measurements are
being processed.

Constraints. This subfunction shall be executed if the TACAN channel valid-

ity flag, as provided by TACAN site lookup (Section 4.5.2.2); is indicated

valid (i.e., the TAC_CHAN VALID flag is ON), and if the Shuttle is not in
TACAN station's cone of confusion (i.e., the IN CONE FLAG is OFF) and if the

data are indicated valid (i.e., the TAC_BRG DATA_GOOD flag is ON). ONE_BRG

LOCK shall be initialized to 'OFF'

Supplementary Information. The location of the TACAN antenna has been

neglected in calculating the bearing measurement estimate since this error
is less than that associated with the error in the measurement itself. A

possible implementation of this subfunction is shown in a portion of the

flow chart TACAN NAV and the flow chart TACAN BRG COMP in Appendix B. The

TACAN residual computations are contained in a subroutine with input and

output argument lists to facilitate use with either three state vectors or

one state vector. The flow charts also show some of the requirements

described in Section 4.3.1.7, namely, the setting of the filter control flag

MANUAL EDIT OVERRIDE and STAT FLAG to TACAN EDIT OVERRIDE and TACAN STAT re-

spectively, the call to NAV_FILTER, and the setting of the display parame-

ters SENSOR EDIT I ^. 2, SENSOR RESID TEST I ^r 2, and SENSOR DELQ I or 2 to
EDIT_FLAG, RESID_T_T, and DELQ, respectiveYy.

4.3. I.7.3-2
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4.3.1.7.4 Barometric altimeter. The barometric altimeter measurement

subfunction calculates the estimated altitude and a residual for each of the

three state vectors. The subfunction also calculates the first partial deriva-

tives of the estimated measurement with respect to the selected state vector and

the appropriate variance to model the instrument error. It is assumed that, the

barometric altitude data will be provided by the ADTA SOF via the sensor data
snap. _-,

A. Detailed Requirements. A description of the symbols used in the following
equations may be found in Tables 4.3.1.7.4-I and 4.3.1.7.4-2.

The following calculations shall be performed for each state vector. The

variables used in these calculations shall be set to the following parame-
ters prior to execution of the calculations.

: R _FILTONE, R _FILT_TWO, or R _FILT_THREE

: V _FILTONE, V _ FILT_TWO, or V _FILTTHREE

DV : DV_FILTONE, DV FILTTWO, or DV FILT_THREE

G : G ONE_OLD, G _TWO OLD, or G _THREE_OLD

First, the position vector shall be interpolated to the time of the BARO

altimeter sensor measurement, if required, as described in Section 4.2.3.

The residual shall then be calculated as described in Section 4.2.7.3.

For each state vector, the residual DQ, shall be saved as DELQ_ONE, DELQ_TWO,

or DELQ_THREE. The vector selection subfunction (Section 4.2.5) shall reduce

the three residuals to a single residual, DELQ, for subsequent use in the re-

sidual edit test. The estimated measurement, Q, will be saved for each state

vector as Q_ONE, Q_TWO, and Q_THREE and fhe vector selection subfunction will

reduce the three measurements to one for subsequent use in the calculation
of Q and the variance.

The vector selection subfunction is also invoked to reduce the three posi-

tion vectors to one for use in the calculation of the partial derivatives.

The partial derivatives of the range measurement with respect to the state

and the variance shall be computed as described in Section 4.2.7.3.

The scale factor on the filter mean square residual used in the _esidual

edit test, K_RESEDIT, is set equal to K_EDITBARO, which is a premission
load.

The state vector and covariance matrix shall then be updated as described in
Section 4.3.1.7.

B. Interface Requirements. The input and output variables for the barometric

measurement subfunction are given in Table 4.3.1.7.4-I and 4.3.1.7.4-2.

4.3.1.7.4-I
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Processing Requirements. This subfunction will be performed after the navi-

gation reconfiguration subfunction (Section 4.3.1.4) at the basic filter

rate. This subfunction is performed as long as barometric altitude measure-

ments are being processed.

Constraints. This subfunction will only be executed if the data are

indicated valid (i.e., the BARO_DATA_GOOD flag is ON).

Supplementary Information. The assumption is made, for simplification, that

the barometric probe is located at the navigation base. This is a valid as-

sumption since the error involved in mislocating the probe is less than the

errors associated with the barometric measurement.

A possible implementation of this subfunction is shown in the flow charts

BARO NAV, BARO COMP and H_ELLIPSOID in Appendix B. Note that the flow
charts also contain some requirements described in Section 4.3.1.7, namely

the setting of the filter control flags MANUAL_EDIT_OVERRIDE and STAT FLAG

to BARO EDIT OVERRIDE and BARO STAT, respectively, the call to NAV FILTER,

and the-setting of the display-parameters SENSOR EDIT 3, SENSOR_RESID_TEST3,

and SENSOR_DELQ 3 to EDIT_FLAG, RESID_TEST, and DELQ, respectively.

4.3.1.7.4-2
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4.3.1.8 Measurement Processing Statistics

During the entry navigation principal function, the measurement processing sta-

tistics subfunction will compute, for display on the horizontal situation cath-

ode-ray-tube display page, certain parameters that are indicative of the health

of the navigation filter. It will also compute a discrete signal to be used by

user parameter processing to drive the nay event lamp.

A. Detailed Requirements. For both TACAN range and bearing, barometric altitude

and drag derived altitude measurements, three parameters are to be computed

to show how well the navigation filter is processing these measurements.

The processing required is described fully in Section 4.2.8.2, Measurement

Statistics. Since, during entry, MSBLS measurements will not be processed

by the navigation filter, the processing described in Section 4.2.8.2 will

be done for the case I = I through 4.

This subfunction will also evaluate edit flags for the three measurement

types to compute the sensors' status discrete. Detailed requirements for

this calculation may be found in Section 4.2.8.1.

A further capability will be provided by this subfunction to generate the

residual and ratio parameters described in Section 4.2.8.2 for display under

certain circumstances (determined by the entry sensor measurement selection

subfunction) when the filter would not normally be attempting to process

data. If the sensor edit indicators are found to have the value "STAT",

this shall indicate to the measurement processing subfunction that this fil-

ter cycle was performed only for the production of filter statistics and

that the calculations leading to the edit history indicator shall ignore

this "statistics only" filter cycle.

B. Interface Requirements. Inputs and outputs are listed in Tables 4.3.1.8-I
and 4.3.1.8-2.

Co Processing Requirements. Prior to beginning the measurement processing sta-

tistics for the first time (prior to the entry navigation processing princi-

pal function), the following initialization must be performed.

EDIT ARRAY : 0 (matrix)

SUM : 0 (vector)

= 0 (array)

D. Constraints. None.

E. Supplementary Information. A suggested implementation for this subfunction

may be found in the detailed flow chart of Appendix B.

MEAS PROCESSING STATISTICS ENTRY CODE

4.3.1.8-I
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4.3.2 Preland Navigation

The preland navigation principal function is to provide an up-to-date estimate

of the Shuttle's position, velocity, and other parameters for software users

such as guidance and displays. This principal function will be scheduled by the
deorbit/landing navigation sequencer. Variables interfacing with this principal

function are identified in the principal function in list and out list, Appendix
G.

Preland navigation will use IMU attitude and sensed velocity data as provided by

the selection filter to maintain a current estimate of one state vector. Before

initiating this principal function, the multiple state configuration that may

exist from the exercise of the entry navigation principal function will have

been reduced to a single-state configuration.

A Kalman filtering technique will be used when updating the inertial state

vector. This update will be based upon a combination of TACAN and barometric

altimeter data, MSBLS data, or any one of these data types. The data type(s)

used will depend on availability, geometry constraints, and crew control. The

state and covariance matrix will be propagated to current time. The state at

measurement time will be determined by interpolation, and the estimated measure-

ment value will be computed. An update to the state and covariance matrix will

be made, on the basis of the Kalman gain and the measurement residual, if the

residual edit test is passed or crew overrride is indicated. This updated state

will be superimposed on the current user parameter state for subsequent propaga-

tlon and use in computing guidance and control user parameters and display

parameters.

O

4.3.2-I
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4.3.2.1 Preland Control

The preland navigation principal function is to provide the capability to con-

trol state and covariance matrix propagation and filter updates. A single state
vector will be maintained.

A. Detailed Requirements. Preland control will perform the following tasks in

the order indicated. For definitions of variables, see input and output
Tables 4.3.2.1-I and 4.3.2.1-2.

(I) The accumulated IMJ sensed velocity and the corresponding time tag will

be obtained as described in Section 4.3.2.5.

(2) An external sensor data snap will be performed as described in Section
4.3.2.2.

(3)

(4)

(5)

(6)

The state vector will be propagated as described in Section 4.3.2.5.

The covariance matrix propagation subfunction will propagate the
covariance matrix as described in Section 4.3.2.6.

The preland sensor measurement selection subfunction will determine

which measurements are to be presented to the filter for processing,

as described in Section 4.3.2.3.

The delta state update subfunction will update the onboard state vector

with information supplied by the ground, if so required, and will

also reinitialize the covariance matrix. A description of these

operations is contained in Section _.3.2.4.2.

(7)

(8)

The state and covariance measurement incorporation subfunction will

update the state vector and covariance matrix for each of the measure-

ments being processed, as described in Section 4.3.2.7. This

subfunction is exercised for each measurement type only if data are to

be processed as determined by the preland sensor selection subfunction.

In the case of TACAN, the current g_ound station identifier shall be

tested to determine if a new station has been selected, and, if so, the

measurement reconfiguration subfunction (Section 4.3.2.4.1) will supply

the filter with the pertinent station information. A counter (MLS_MARK

_NUM, TACAN_MARK_NUM, or BABO_MARK__UM) will be incremented for each

measurement processed to indicate the mark number for post mission anal-

ysis purposes.

The user parameter state propagator subfunction reset parameters will
be stored as described in Section 4.2.10.

(9) Finally, the measurement processing statistics subfunction will be

performed as described in Section 4.3.2.8.

B. Interface Requirements. The input and output parameters are listed in

Tables 4.3.2.1-I and 4.3.2.1-2.

4.3.2.1-I



C.

m.

E.

78FM56

Processing Requirements. Pre]and control will be executed at a premission-
determined rate when the preland navigation principal function is scheduled.

Constraints. None.

Supplemental Information. A suggested implementation of preland control is

illustrated by NAV_PRELAND in Appendix B.
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4.3.2.2 External Sensor Data Snap

The purpose of this subfunction during the preland navigation phase is to col-

lect sensor data and store the data for subsequent use in the state and

covariance measurement incorporation subfunction. Included in the sensor data

are the measurements, their data-good flags (which indicate the validity of the

measurements), and the measurements' time tags. This subfunction is required to

ensure that the data sets used in the navigation processing are properly saved

for use in the state and covariance measurement incorporation subfunction,

whereas the actual data may continue to be refreshed by hardware sensor reading,

sensor SOP processing, and selection filter unification. For the MSBLS elevation

measurement, where the correction for antenna displacement from the navigation

base is significant, the Shuttle vehicle's pitch angle will be obtained from the

attitude processing principal function and stored for subsequent use, together

with the elevation measurement. Time tags of the data collected from sensors

are adjusted according to premission biases.

At Detailed Requirements. During the preland phase, external sensor data will

be collected in three groups: (I) barometric altimeter data (air data

system), (2) TACAN data, and (3) MSBLS data. Barometric altimeter and TACAN

data collection are required at the navigation filter rate. Since the hard-
ware refreshment rate for the MSBLS sensors is rather infrequent, it is de-

sirable to sample the data frequently to determine whether the data have

changed so that, if they have, the time of change may be assumed to be the

time tag of a new measurement. (Mechanlzation of this process is in the

MSBLS SOP.) The pertinent navigation sensors and their measurement sets are

defined below:

(i) Barometric altimeter - the Shuttle's barometric altitude, the Mach

discontinuity indicator, the data-good flag, and the associated time

tag, adjusted by a premission-loaded time bias, will be collected and
stored:

SNAP BARO ALTIMETER (Q_BARO, MACH_JUMP, BARO_DATA_GOOD, T_BARO)

T BARO : T BARO - TIME BIAS BARO

(2) TACAN - The magnetic bearing of the TACAN station from the Shuttle and

the slant range distance from the TACAN ground beacon, together with

the data-good flags, shall be collected and stored. The associated

time tag will be collected, adjusted by a premission-loaded time bias,

and stored. The current TACAN line replacement unit (LRU) number will

also be collected and stored. The following equations define the pa-

rameters necessary to accomplish the above requirements:

SNAP TACAN (Q_TAC_BRG, Q_TAC_R, TAC_RNG_DATA_GOOD,

TAC_BRG_DATA_GOOD, T TACAN, SEL_LRU_ID)

T TACAN : T TACAN - TIME BIAS TACAN

4.3.2.2-I
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MSBLS - The Shuttle's azimuth, slant-range distance from the DME anten-

na, and elevation (given as a wedge angle) will be collected and

stored, together with the data-good flags. The associated time tags

will be collected, adjusted by a premission-loaded time bias, and

stored. The Shuttle's pitch angle will also be collected, converted to

radians, and stored. The following equations define the parameters

necessary to accomplish the above requirements:

SNAP MSBLS (Q_RANGE, Q_AZMLS, Q_ELMLS, MLSRANGE_DATA_GOOD,

MLSAZ_DATA_GOOD , MLSEL_DATA_GOOD, T EF RMLS, T EF AZMLS,

T EF ELMLS)

T_EF_RMLS = T EF RMLS - TIME_BIAS_MLS,

T_EF_AZMLS : T EF AZMLS - TIME BIAS MLS

T_EF_ELMLS = T EF ELMLS - TIME BIAS MLS

PITCH M : THETA RAD PER DEG

Interface Requirements. The input and output parameters are listed in

Tables 4.3.2.2-I and 4.3.2.2-2. All output time tags are assumed to have

been associated with the sensors' measurements (the time FCOS commands the

read, adjusted by applying time bias corrections).

Processing Requirements. It is required that the navigation sensor data

(measurements, validity flags, and time tags) be made available for the col-

lection and storing processes. The collection rates (not necessarily sensor

interrogations) are indicated by the navigation sequencers. However, these

rates assume the available data are fresh. This implies that SOP's

processing and RM selection filtering must be at a rate equal to or greater

than the collection rate. It is also required that the vehicle pitch angle

from the attitude processing principal function be available when MSBLS data
are collected.

Constraints. The data collections should occur after a complete current set

is available and just prior to use In navigation in order to supply current
data.

Supplementary Information. A suggested implementation of the preland exter-

nal sensor data snap subfunction, in the form of a detailed flow chart, may

be found in Appendix B (NAV_PRELAND). The SNAP statements above imply the

assignment of current values to the variable names shown in parentheses.
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4.3.2.3 Sensor Measurement Selection

A capability, designated as the preland sensor measurement selection

subfunction, is required for the selection of external sensor measurement data

to be presented to the state and covariance measurement incorporation

subfunction (Section 4.3.2.7) when the preland navigation principal function is

active. Selection of a sensor data type will also mean that knowledge of this

measurement data selection will be presented to the measurement reconfiguration
subfunction (Section 4.3.2.4.1) to cause proper initialization of TACAN site
data.

g. Detailed Requirements. The requirements for this subfunctlon are given as

a set of necessary sensor measurement selection capabilities. Only the fol-

lowing measurement types will be employed while the preland navigation prin-

cipal function is active: barometric altimeter, MSBLS, and TACAN. The fol-
lowing capabilities will be provided:

(I) There will be both manual (crew) and automatic control of TACAN and

barometric altimeter measurement selection.

(2) The crew will be able to manually force or inhibit TACAN and barometric

altimeter sensor data or select the automatic mode.

(3) Manual control (force or inhibit) will override automatic sensor selec-

tion; that is, if a crewman desires to force TACAN or barometric altim-

eter data, then these data will be sent to the state and covariance

measurement incorporation subfunction (data may not be incorporated if

indicated to be invalid), with one exception (see Item 5 below). The

force or inhibit will stay in effect across major modes and will be

removed by reverting to automatic sensor measurement selection.

(4) The forcing of sensor data will override the residual edit for that

particular sensor type.

(5) Neither the crew nor the automatic selection criteria will be able to

simultaneously select any of the following combinations:

a. TACAN and MSBLS data

b. MSBLS and barometric altimeter data

(6) If TACAN is in the automatic selection mode and MSBLS range and azimuth

data are indicated as valid, then MSBLS data will be selected. TACAN

data will be selected if no valid MSBLS range and azimuth data have
been snapped for the last k (premission constant) executions of the

preland navigation principal function and MSBLS range or azimuth data

are indicated as invalid during the current execution.

(7) When MSBLS data are first selected, or are reselected after having been

deselected, portions of the covariance matrix shall be reinitialized by

setting all the cross-correlation terms between position and velocity
to zero.

4.3.2.3-I
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(8)

(9)

(10)

If MSBLS is not selected and barometric altimeter data are indicated as

valid, baro data will be selected for processing (for statistics only)

if the crew has inhibited the use of baro data for state updates.

If baro has not been inhibited and the vehicle is not in the 'MACH

Jump' region, baro will be selected for processing. The 'MACH Jump'

velocity region shall override the auto and force modes of selection.

The state of the TACAN and barometric altitude measurement selection

configuration will be indicated to the crew display.

If MSBLS is indicated as not available at the current (crew) selected

landing site, MSBLS data will not be selected.

This subfunction will also perform sensor measurement selection when

the data are employed only to compute TACAN and barometric altimeter

statistics for display purposes. The following capabilities will be
provided:

(I) A maximum of three pieces of sensor measurement data (e.g., MSBLS

range, azimuth, and elevation or TACAN range and azimuth and barometric

altimeter) will be processed on any one execution of the preland navi-
gation principal function.

(2) Selection of TACAN and barometric altimeter measurement for computation

of measurement statistics will be subordinate to selection of MSBLS for

possible state and covariance incorporation.

The result of selection of sensor measurements for processing of data or for

computation of measurement statistics will be provided as indicated in

Tables 4.3.2.3-I and 4.3.2.3-2. The terminology "process" means that the

state and covariance measurement incorporation subfunction may incorporate

the measurement data into the state estimation. The terminology "display"

means that the state and covariance measurement incorporation subfunction

may perform the processing of data for display of measurement statistics,

but is prohibited from incorporating the data into the state estimation.

Finally, this subfunction will initialize the measurement edit indicators to

off for subsequent use by the state and covariance measurement incorpora-
tion subfunction.

Interface Requirements. The input and output for this function are given in
Tables 4.3.2.3-3 and 4.3.2.3-4.

Processin_ Requirements. This function will be performed after a complete

set of the external sensor measurement data to be used (while the preland

navigation principal function is active) has been saved and before the meas-

urement reconfiguration subfunction is executed.

D. Constraints. None.

4.3.2.3-2
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! !
[ MSBLS AVAILABLE ! MSBLS NOT !

] DATA GOOD (Range and AZ) ! DATA BAD (k Cycles)[ AVAILABLE !
! ! ! !

W

! ! ! I ! !

! I [ PROCESS blSBLS [ PROCESS TACAN* [ PROCESS !

! [ ! ! I TACAN* !

! l ! ! !

! l l ! !

! ! I PROCESS TACAN* l PROCESS TACAN* ! PROCESS !

! ! ! I ! TACAN* !

! ! I ! ! !

! l ! ! ! !

! ! ! l l !

! ! ! PROCESS blSBLS l DISPLAY TACAN ! DISPLAY !

! ! l l l TACAN !

! ! ! l ! !

! *Will not result in update if DATA GOOD = OFF !
m

TABLE 4.3.2.3-2.- BAROMETRIC ALTIMETER*

! ! ! l

! Auto I Inhibit ! Force !

! ! ! !

! ! ! ! !

! In MACH Jump region l Outside MACH Jump region ! ! !
! ! ! ! !

! ! ! ! !

! No Selection ! Process** ! Display ! Process*** !
! ! ! I !
[ !

! *This table is used only if the outcome of Table 4.3.2.3-I is to not !
! process MSBLS !

! **Will not result in update if DATA GOOD = OFF !

! ***Will not result in update if DATAGOOD = OFF or if MACH JUMP !
! indicator : ON !

! !

E. Supplemental Information. The foregoing requirements indicate the existence

of a three-position software switch associated with the TACAN and bar. al-

timeter sensor measurements; that is, an AUTO/INHIBIT/FORCE switch for each

of these sensor measurement types. Display requirements indicate the exis-

tence of a return signal three position software switch for these sensors to

activate the HSD processor according to the actual conditions.

4.3.2.3-3
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A candidate implementationof this subfunction is shownin PRELANDSENSOR
SELECTcode _nAppendixB. This code is executedby NAVPRELAND,the cand_-
date implementation of the preland navigation control subfunction.
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4.3.2.4 Preland Navigation Reconfiguration

A capability shall be provided for initialization or reinitialization of certain

navigation variables when events occur which require reconfiguration of the nav-
igation software. These events include the initialization of TACAN station in-

formation when the TACAN ID changes, and ground updates to the onboard navigated
state vector and associated covariance matrix reinltializations.

4.3.2.4-I
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4.3.2.4.1 Measurement reconfiguration. A capability will be provided for

initialization of the TACAN station information when TACAN processing b_egins or
when the TACAN station ID has changed.

A. Detailed Requirements. The preland sensor measurement selection subfunction

will provide a capability for determining when TACAN measurements are to be
processed. The measurement reconfiguratlon subfunction will be executed

when TACAN measurements are first available and when the TACAN station ID

has changed. This subfunction will obtain the following information from

the site lookup principal function (Section 4.5.2) only if the selected
TACAN channel is indicated valid.

TACAN station information:

S.

TACAN ID LAST : TACAN_IDsEL_LRU_ID

TAC_CHAN_VALID : TACAN_CHAN_VALID SLsEL_LRU_ID

R TACAN_EF : R _TACAN EF SLSEL_LRU_ID

M_EFTOTD_TACAN : M_EFTOTD_TACAN_SLsEL_LRU_I D

ANGLE_CORR_TNTOMAG : ANGLE_CORR_TNTOMAG_SLsEL_LRU_ID

BIAS_TAC_R : BIAS_TAC_R_SLsEL_LRU_I D

BIAS_TAC_BRG : BIAS_TAC_BRG_SLsEL_LRU_ID

Interface Requirements. The input and output variables for this subfunctlon

are described in Tables 4.3.2.4.1-I and 4.3.2.4.1-2.

C.
Processin_ Requirements. The measurement reconfiguration subfunction shall

be performed prior to processing of TACAN measurements and after the exe-
cution of the preland sensor selection subfunction.

m. Constraints. It is required that the TACAN redundancy management selection

filtering, and the preland navigation principal function execute in the fol-
lowing sequence:

(I) TACAN RM selection filtering.

(2) Preland navigation.

The site lookup principal function TACAN-related output parameters may not

be changed during the time interval starting with the initiation of TACAN RM

selection filtering and ending with the completion of the preland NAV
execution.

4.3.2.4.1-I
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S. Supplementary Information. Although the detailed requirements show data

being copied from the site lookup principal function into specific navigation

variables, there is no reason why the site lookup data could not be used di-

rectly by the filter if the above constraint is realized. A suggested im-

plementation of the measurement reconfiguration subfunction is illustrated

by the flow charts NAV_SENSOR_INIT in Appendix B.

4.3.2.4.1-2



f

OJ

,-1
.°
,,O

cO

rIJ

E-,

l:m

Z
H

Z
O
I,-4
E-I

B
H

Z

8

E-,

r/j

,.-I
r...l

I

?

-.-4"

Od

Irl

O

.,-i

o

"o

n_

m
.,-I

,Z
,,,'-4

O
.,-I

O

0

-,_

0

4.3.2.4.1-3



O,J

.°

_o

r._

'b--

r_

o

z
o
i-i
j-,

g

8
e_

_.4

I

I

IXl

m

m

4.3.2.4.1-4



¢,

f_

f_
co
e--

,-4
f)

o_
fD

I

I

=r

fv3

=r

,-4

8_

e0
c

o
,,,-4

.,.4

f_

_ __°

Q;

r_
o

,-4
o

tq

• _ I • I_ I

O

o _
-,-4

_ _.._I_'_

o

,-1

0._

4.3.2.4.1-5



78FM56

4.3.2.4.2 Delta state update. During operation of the preland navigation prin-

cipal function, a capability for a delta state update of the orbiter's onboard

navigated state and reconfiguration of the covariance matrix shall be provided.

A. Detailed Requirements. Detailed requirements for the performance of the

delta state update task are described in Section 4.2.6. After execution of

the delta state update task, the covariance initialization task described in

Section 4.2.9 shall be invoked to reconfigure the onboard covariance matrix.

Input values of sigmas and correlation coefficients are peculiar to and

associated with the delta state update reconfiguration.

B. Interface Requirements. Input and output requirements for the delta state

update task are shown in tables 4.3.2.4.2-I and 4.3.2.4.2-2 respectively.

C. Processing Requirements. The delta state update task and covariance matrix

reconfiguration will be initiated from inputs supplied by either the HSD

specialist function processing software or by the ground uplink processing

software. The delta state update subfunction and the covariance matrix

reconfiguration shall be performed after the state propagation and measure-

ment selection subfunctions have been completed, and only upon detection of

an ON value in the DO DELTA UPDATE flag. This flag is checked by the

Preland Control subfunction-in every cycle of the preland navigation princi-

pal function.

D. Constraints. None.

E. Supplementary Information. Procedures will be established to inhibit

redesignation of the runway and the incorporation of measurement data into

the onboard state vector during the time interval between (I) the time of

the difference vectors computation and (2) the time of their application to

the onboard state vector. Correction terms, rather than the total vector,

are used because the correction terms are less sensitive to errors between

the time of their computation and the time that they are actually applied to

correct the onboard state vector during powered flight.

A suggested implementation in the form of the detailed flow charts OPS_3

DELTA UPDATE AND COVINIT may be found in Appendix B.
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4.3.2.5 State Propagation

The state propagation subfunction that is active during operation of the preland

navigation principal function willbe invoked for the purpose of propagating

orbiter position and velocity vectors. This subfunction will also snap IMU-

sensed accelerations to be used together with modeled gravitational accelera-

tions by the super-g integration task.

A. Detailed Requirements. Propagation of position and velocity vectors will be

performed as follows:

(I) Acquire current IMU-sensed total accumulated velocity and associated

time tag.

V CURRENT FILT

T CURRENT FILT

Detailed requirements for this IMU data snap task are given in Section

4.2. I.1 (one-state configuration) •

(2) Compute the difference between the current and the previous time tag

associated with the IMU data snap. This will be the interval over

which state propagation is desired.

DT FILT : T CURRENT FILT - T LAST FILT

(3) Perform integration of the positlon/velocity equations of motion with

use of the super-g task (see Section 4.2.1.3 for detailed

requirements). Position/velocity vectors will be propagated to the

current time of the IMU data snap (T CURRENT FILT),

R FILT

V FILT

and the current IMU accumulated sensed velocity vectors will be saved

for the next cycle (see Section 4.2.1.3).

V LAST FILT

(4) Save the current time tag for the next cycle.

T LAST FILT : T CURRENT FILT

B. Interface Requirements. The input and output parameters are listed in

Tables 4.3.2.5-I and 4.3.2.5-2.

C. Processing Requirements. The state propagation subfunction will be

performed before the sensor measurement selection subfunction and before the

covariance propagation subfunetion. This subfunction will be performed each

cycle at the preland navigation rate.

4.3.2.5-I
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Constraints. None.

Supplementary Information. A suEgested implementation in the form of

detailed flow charts may be found in Appendix B:

NAV_PRELAND) I_J data snap

NAV STATE PROP

SUPER_G_NAV

ACCEL

4.3.2.5-2
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4.3.2.6 Covariance Propagation
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The covariance matrix propagation subfunctlon propagates the covariance matrix

forward in time. The covariance matrix is propagated by utilizing the state

transition matrix. Additive process noise is incorporated to account for

unmodeled state and dynamic errors.

A. Detailed Requirements. A 6 by 6 covariance matrix will be propagated with

the preland navigation principal function. This covariance matrix defines

the uncertainty in the state vector, which consists of position and velocity
of the vehicle. The method of propagation is described in Section 4.2.2.

The preland navigation principal function maintains a single state vector

(i.e., the NAV_THREE_STATE flag is OFF); so the current filter position

vector, R _FILT, required in the covariance propagation is obtained directly
from the state propagation subfunction.

B. Interface Requirements. The input and output data are shown in Tables
4.3.2.6-I and 4.3.2.6-2.

C. Processing Requirements. This subfunction will be called after the IMU

sensor data have been read and after the state propagation subfunction has
been executed.

D. Constraints. Prestored data are to be used for initialization. The

propagated covariance matrix must remain symmetric.

E. Supplementary Information. A possible implementation of this subfunction is

shown in the flow chart COVEXTRAP_PF in Appendix B.
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4.3.2.7 State _nd Covariance Measurement Incorporation

The state and eovariance measurement incorporation subfunct_on updates the r!_

vector and covariance matrix with navigation data with the use of a g-state p_(_--

cess noise Kalman filter. The six elements of the state vector are nav!gati_

base Shuttle position and velocity in M50 coordinates.

A° Detailed Requirements. The state and covariance measurement incorporat_c_

subfunct_on is exercised only if data are available for process_r,g _s (i_'t:er-

m_,ned by the sensor measurement selection subfunction (Section 4.3.2.?) an_

the respective measurement subfunctions (Sections 4.3.2.7.1 through

4.3.2.7.6). The sensor measurement selection subfunction determines which

measurement types are to be considered for processing. The measurement

subfunctions process sensor data that are labeled as valid.

The measurement subfunctlons will compute the measurement re.'_]dqJa] and pa_'

t]a]s of the estimated measurement with respect to the state vector. The

proper a priori measurement variance describing the error will also be

selected. The following measurement types will be available with the

preland navigation principal function: TACAN range and bearing, barometric

altimeter, and MSBLS range, azimuth, and elevation.

Once a particular measurement subfunction has completed processing valid

data, the f_Iter control flags will be set as follows.

TACAN

MANUAL EDIT OVERRIDE : TACAN EDIT OVERRIDE

STAT FLAG -- TACAN STAT

Barometric altimeter

MANUAL EDIT OVERRIDE : BARO EDIT OVERRIDE

STAT FLAG : BARO STAT

MSBLS

MANUAL EDIT OVERRIDE : OFF

STAT FLAG = OFF

The state snd covar_ance measurement incorporation subfunction shall then

update the state vector covariance matrix provided that either the residual

edit criterion is met or the crew edit override for the sensor type is ac-

tive, as described _n Section 4.2.4.

The loll'owing data shall then be stored after the particular measurement

type has been processed for subsequent computation of measurement processing

statistics as described in Section 4.3.2.8.

4.3.2.7-I
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TA CAN

SENSOR_EDITIand 2 : EDIT_FLAG

SENSOR_RESID_TESTIand 2 : RESID_TEST

SENSOR_DELQIand 2 : DELQ

where the subscript I corresponds to bearing and 2 to range.

Barometric altimeter

SENSOR_EDIT 3 : EDIT_FLAG

SENSOR_RKSID_TEST 3 : RESID_TEST

SENSOR_DELQ 3 = DELQ

MSBLS

SENSOR-EDIT5,6, and 7 : EDIT FLAG

SENSOR-RESID-TEST5,6, and 7 : RESID_TEST

SENSOR-DELQ5,6, and 7 : DELQ

where the subscripts 5, 6, and 7 correspond to azimuth, range, and eleva-

tion, respectively.

Interface Requirements. The inputs and outputs for this subfunction are

given in Tables 4.3.2.7-I and 4.3.2.7-2.

Processing Requirements. This subfunction is not exercised until the exter-

nal sensor data snap, sensor measurement selection, navigation

reconfiguration, and state and covariance propagation subfunctions have been

performed; and the measurement processing statistics subfunction cannot be

initiated until this subfunction is completed.

Constraints. There is no requirement in the state and covariance measure-

ment incorporation subfunction to perform updating if the data-validity flag

indicates bad data. No manual override of this flag exists in this

subfunction. If it is desired to process a particular measurement, the
data-validity flag must be made to indicate that the data are valid.

Supplementary Information. A possible implementation of the state and

covariance measurement incorporation subfunction is presented in the flow

charts of Appendix B, TACAN_NAV, BARO_NAV, MLS_NAV, MLS_RANGE_NAV, MLS AZ
NAV, and MLS EL NAV codes.
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4.3.2.7.1 TACAN range. The TACAN range measurement subfunction computes the

estimated range from the Shuttle to the TACAN station, the range residual, and

the range measurement partials, and selects the proper variance to model the

uncorrelated instrument error. It is assumed that TACAN range data will be pro-

vided by the TACAN RM by way of the sensor data snap.

A.

mo

C,

D.

m.

Detailed Requirements. The position vector, R _FILT, will be interpolated

to the time of the TACAN sensor measurement, if required, as described in

Section 4.2.3, and saved as the variable R _RESID for subsequent use in the

partials computation. The range residual will then be calculated as

described in Section 4.2.7.1 and saved as the variable DELQ for subsequent
use in the residual edit test.

The partial derivatives of the range measurement with respect to the state

vector will be computed and the variance will be selected as described in
Section 4.2.7.1.

The scale factor on the filter mean square residual, used in the residual

edit test, K_RES_EDIT, shall be set equal to K EDIT TACR, which is a

premission load contained in Section 4.9.

The state vector and covariance matrix will then be updated as described in

Section 4.3.2.7.

The quantity RESID_TEST, computed by the filter (see Sections 4.3.2.7 and

4.2.4), shall be compared to the design dependent parameter TACAN RNG

CONVERG TEST. Depending on the outcome of this comparison, the flag -
ONE_ RANGE LOCK shall be set to ON or OFF: ON if RESID TEST < TACAN

RNG_CONVERG_TEST, OFF otherwise. The flag ONE RANGE LOCK shall then

be output for use by the TACAN Redundancy Management_

Interface Requirements. The inputs and outputs for the TACAN range measure-

ment subfunction are given in Tables 4.3.2.7.1-I and 4.3.2.7.1-2.

Processing Requirements. This subfunction will be performed after the navi-

gation reconfiguration subfunction (Section 4.3.2.4) at the basic filter

rate. This subfunction will be performed as long as TACAN range measure-

ments are being processed.

Constraints. This subfunction will only be executed if the data are

indicated valid (i.e., the TAC RNG DATA GOOD flag in ON) and the TACAN chan-
nel data as provided by TACAN site-lookup (Section 4.5.2.2) are indicated

valid (i.e., the TAC_CHAN_VALID flag is ON).

Supplementary Information. The location of the TACAN antenna has been

neglected in calculating the range measurement estimate, since this error is

less than that associated with the measurement. A possible implementation

of this subfunction is shown in a portion of the flow chart TACAN NAV CODE,

in Appendix B. This flow chart contains both TACAN range and TACAN bearing

computations and also some of the requirements described in Section 4.3.2.7,

4.3.2.7.1-I
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namely the setting of the filter control flags MANUAL EDIT OVERRIDE and

STAT FLAG to TACAN EDIT OVERRIDE and TACAN STAT respectively, the call

to NAV FILTER and-the setting of the parameters SENSOR EDIT. J ^,
-- _ -- a

SENSORRmID TmTI and2 andSENSOR_DELQIand2 toEDILFLA6,_S_D
TEST, a-ridDELQ, respectively.
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4.3.2.7.2 TACAN bearing. The TACAN bearing measurement subfunction compute:3

the estimated bearing measurement with respect to the TACAN station, the mea-

surement residual, and the bearing measurement partials, and selects the proper

variance to model the instrument error. It is assumed that the TACAN bearing

data referenced to magnetic north are available from the TACAN RM by way of the
sensor data snap.

A. Detailed Requirements. A description of the symbols used in the following

equations may be found in Tables 4.3.2.7.2-I and 4.3.2.7.2-2.

The position vector of the TACAN station in M50 coordinates, R _SCANNER,
is to be computed by

M EFTOM50 : EARTH_FIXED TO M50_COORD (T TACAN)

SCANNER : M_EFTOM50 R _TACANEF

The transformation from M50 to topodetic coordinates is obtained by

M_M50TOTD = M_EFTOTD_TACAN M_EFTOM50 T

where M EFTOTD TACAN and R TACAN EF were obtained from the measurement

reconfiguration subfunctio-n-(Sect_on 4.3.2.4.1).

The flags IN CONE_FLAG (which, when set to ON, indicates the vehicle is in-
side the TACAN station's cone of confusion) and TAC BRG DATA GOOD (which in-

dicates the validity of the TACAN bearing data) sha_l be checked.

The followirg calculations shall be performed only if the bearing data are

indicated valid (TAC BRG_DATA_G00D = ON) and the IN_CONE FLAG is OFF.

First, the position vector shall be interpolated to the time of the TACAN

measurement, if required, as described in Section 4.2.3 and saved as the

variable R RESID for subsequent use in the partials computation. The

bearing residual shall then be calculated as described in Section 4.2.7.2

and saved as the variable DELQ for subsequent use in the residual edit test.

The partial derivatives of the bearing measurement with respect to the state

vector shall then be computed and the variance shall be selected as

described in Section 4.2.7.2.

The scale factor on the filter mean square residual for use in the residual

edit test, K RES EDIT, shall be set equal to K EDIT TACBR, which is a
premission load.- - -

The state vector and covarianee matrix will then be updated as described in

Section 4.3.2.7.

4.3.2.7.2-I
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The quantity RESID_TEST, computed by the filter, shall be compared to the de-

sign dependent parameter TACAN_BRG_COVERG_TEST. The flag ONE BRG LOCK shall

be set to ON or OFF depending on the outcome of this comparision: ON if

RESID TEST < TACAN BRG CONVERG TEST, OFF otherwise. The flag ONE BRG LOCK

shall-then be output for use by the TACAN redundancy management. - -

Interface Requirements. The inputs and outputs for the TACAN bearing mea-

surement subfunction are given in Tables 4.3.2.7.2-I and 4.3.2.7.2-2.

Processing Requirements. The subfunction will be performed after the naviga-

tion reconflguration subfunction (Section 4.3.2.4) at the basic filter rate.

This subfunction will be performed as long as TACAN measurements are being
processed.

Constraints. This subfunction will only be executed if the data are

indicated valid (i.e., the TAC_BRG_DATA GOOD flag is ON), if the TACAN chan-
nel data as provided by TACAN site lookup (Section 4.5.2.2) are indicated

valid (i.e., the TAC_CHAN_VALID flag is ON), and if the shuttle is not in

the TACAN station's cone of confusion (i.e., the IN_CONE_FLAG is OFF). ONE_
BRG LOCK shall be initialized to 'OFF'

Supplementary Information. The location of the TACAN antenna has been

neglected in calculating the bearing measurement estimate, since this error
is less than that associated with the error in the measurement itself. A

possible implementation of this subfunction is shown in a portion of the

flow chart TACAN_NAV CODE in Appendix B. In the flow chart, computations

have been combined with TACAN range data processing and with requirements

shown in section 4.3.2.7, namely the setting of the filter control flags MAN-

UAL_EDIT_OVERRIDE and STAT_FLAG to TACAN_EDIT OVERRIDE and TACAN_STAT, re-

spectively the call to NAV FILTER and the setting of the display parameters

SENSOR_anozEDITI -^, and SENSOR_RESID_TESTIand2, and SENSOR_DELQIand 2 to EDIT

FLAG, RESID_TEST, and DELQ, respectively.

f
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4.3.2.7.3 Barometric altimeter. The barometric altimeter measurement

subfunction calculates the estimated altitude measurement, the measurement

residual, the measurement partials, and the variance that models the instrument

error. It is assumed that the barometric altitude data will be provided

by the ADTA SOP via the sensor data snap.

A. Detailed Requirements. In Preland navigationthe barometric altimeter

estimated measurement, the residual, the measurement partials, and the vari-
ance shall be calculated as described in Section 4.2.7.3 for the one-state

configuration.

The scale factor on the filter mean square residual used in the residual

edit test, K RES EDIT, shall be set equal to K EDIT BARO, which is a
premission load.- - -

The state vector and covariance matrix will then be updated as described
in section 4.3.2.7.

B. Interface Requirements. The input and output variables for the barometric

measurement subfunetion are given in Tables 4.3.2.7.3-I and 4.3.2.7.3-2.

C. Processin_ Requirements. This subfunction will be performed after the navi-

gation reconfiguration subfunction (Section 4.3.2.4) at the basic filter

rate. This subfunction is performed as long as barometric altitude measure-
ments are being processed.

m. Constraints. This subfunction will only be executed if the data are

indicated valid (i.e., the BARO_DATA_GOOD flag is ON).

m. Supplementary Information. The assumption is made, for simplification, that

the barometric probe is located at the navigation base. This is a valid

assumptions since the error involved in mislocating the probe is less
than the errors associated with the barometric measurement.

A possible implementation of this subfunction is shown in the flow chart

BARO NAV CODE in Appendix B. The flow chart also contains some requirements
described in Section 4.3.2.7, namely the setting of the filter control flags

MANUAL_EDIT_OVERRIDE and STAT FLAG to BARO_EDIT_OVERRIDE and BARO_STAT, re-

spectively, and the setting of the display parameters SENSOR_EDIT_, SENSOR_

RESID TEST 3 and SENSOR DELQ 3 to EDIT_FLAG, RESID TEST, AND DELQ,
respectively. -
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4.3.2.7.4 MSBLS range. The MSBLS range measurement subfunction calculates the

estimated range from the Shuttle to the MSBLS station, the range residual, and

the measurement partials; and it selects the proper variance that models the in-

strument error. It is assumed that the MSBLS range measurement data will be

provided by the MSBLS RM to this subfunction by way of the sensor data snap.

A. Detailed Requirements. First, the estimated range will be calculated with

use of the following equation:

where

Q = IR RESID - R SCANNER I ÷ BIAS RMLS

R SCANNER : EARTH_FIXED TO M50_COORD (T EF RMLS) R _RMLS_EF

and R _RMLS_EF is obtained from the runway/MSBLS site lookup subfunction

(Section 4.5.2.1). The state vector, R _RESID, may be interpolated to the

sensor measurement time if required, as described in Section 4.2.3. The re-
sidual will then be computed by

DELQ : Q_RANGE - Q

The variance of the MSBLS measurement error is then set equal to the design

dependent parameter VAR_RMLS (Section 4.9.3):

VAR = VAR RMLS

g

S.

The MSBLS range measurement partials are to be computed by using the equa-
tions

B1to3 : UNIT (R _RESID - R _SCANNER)

B4 to 6 = O.

The scale factor on the filter mean square residual used in the residual

edit test, K_RES_EDIT, shall be set equal to K_EDIT_MLSR, which is a
premission load.

Finally, the state vector and the covariance matrix will be updated as
described in Section 4.3.2.7.

Interface Requirements. The inputs and outputs for the MSBLS range measure-

ment subfunction are given in Tables 4.3.2.7.4-I and 4.3.2.7.4-2.

4.3.2.7.4-I
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Processin_ Requirements. This subfunction will be performed after the state

and covariance have been propagated, at the basic filter rate.

Constraints. This subfunction will be executed only if the MSBLS range data

are labeled valid (i.e., the MLSRANGE DATA GOOD flag is ON).

Supplementary Information. The location of the onboard MSBLS antenna may be

neglected in calculating the range measurement estimate, since this error is

much less than that associated with the measurement. A possible implementa-

tion of these requirements is illustrated in flow charts MLS NAV and MLS

RANGE_NAV CODE in Appendix B. The flow chart MLS_NAV also contains equal

tions described in Section 4.3.2.7, namely the setting of the filter control
flags MANUAL EDIT OVERRIDE and STAT FLAG to OFF. The flow chart MLS RANGE

NAV also contains-some requirements-from Section 4.3.2.7: the call to NAV-

FILTER, and the setting of the display parameters SENSOR EDIT6, SENSOR RESID

TEST 6, and SENSOR_DELQ 6 to EDIT_FLAG, RESID_TEST, and DELQ, respectively. -

4.3.2.7.4-2
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4.3.2.7.5 MSBLS azimuth. The MSBLS azimuth measurement subfunction calculates

the estimated MSBLS azimuth measurement, the residual, and the measurement

partials, and it selects the proper variance that models the instrument error.

It is assumed that the MSBLS azimuth measurement data will be provided to this

subfunction by the MSBLS _M by way of the sensor data snap.
J

/
A. Detailed RequirementS. Descriptions of symbols used in the following equa-

tions may be found _n Tables 4.3.2.7.5-I and 4.3.2.7.5-2.

First, a transformation matrix from the M50 coordinates to the MSBLS azimuth

radar coordinates will be computed at the time tag of the MSBLS azimuth meas-
urement, T EF AZMLS.

M_EFTOM50 : EARTH FIXED TO M50 COORD (T EF AZMLS)

M_M50 TO SCANNER : M_EFTORAD_R_AZ M_EFTOM50 T

where M_EFTORAD_R_AZ will be provided by the runway/MSBLS site lookup

subfunction (Section 4.5.2.1). The relative position of the Shuttle with

respect to the MSBLS azimuth station will then be computed by

: M 50 TO SCANNER(R _RESID - R AZMLS)

where R AZMLS is computed by using the equation

AZMLS : M_EFTOM50 R _AZMLS_EF

O

and R _AZMLS_EF will be obtained from the runway/MSBLS site lookup

subfunction. The state vector used, R _RESID, may be interpolated to the

sensor measurement time, if required, as described in Section 4.3.2.

The estimated MSBLS azimuth measurement will then be computed by

Q = ARCTAN(R2/R I) + BIAS_AZMLS F7,F3

and the residual will be computed by

DELQ : Q_AZMLS - Q

The variance of the MSBLS azimuth measurement error is then to be set equal

to the mission dependent parameter VAR AZMLS (Section 4.9)
m

VAR = VAR AZMLS

F7 This equation shall be protected against arc tangents with both arguments

equal to zero (Reference 3.6.7).

F3 This equation shall be protected against division by zero (Reference 3.6.3).

4.3.2.7.5-I
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The MSBLS azimuth partials are next to be computed by using the function

ANGLE PARTIALS (described in Section 4.4.5.3), with R AZMLS and the third
row of the transformation matrix from MSO to MSBLS azimuth radar coordinates

as inputs:

CALL: ANGLE PARTIALS

IN LIST: R _AZMLS, M_M50 TO SCANNER3,1to3

The scale factor on the filter mean square residual used in the residual

edit test, K_RES_EDIT, shall be set equal to K_EDIT MLSAZ, which is a

premission load.

Finally, the state vector and the covariance matrix will be updated as

described in Section 4.3.2.7.

Interface Requirements. The inputs and outputs for the MSBLS azimuth meas-

urement subfunction are given in Tables 4.3.2.7.5-I and 4.3.2.7.5-2.

Processing Requirements. This subfunction will be performed after the state

and covariance matrix have been propagated, at the basic filter rate.

Constraints. This subfunction will be executed only Jf the MSBLS azimuth

data are labeled valid (i.e., the MLSAZ DATA GOOD flag is ON).
m

Supplementary Information. The location of the onboard MSBLS antenna may be

neglected in calculating the azimuth measurement estimate, since this error

is much less than that associated with the measurement.

A possible implementation of these requirements is illustrated in flow

charts MLS NAV and MLS AZ NAV CODE in Appendix B. Note that these flow

charts also contain equations described in Section 4.3.2.7. MLS_NAV shows

the setting of the filter control flags MANUAL EDIT_OVERRIDE and STAT_FLAG
to OFF. MLS AZ NAV contains the call to NAV FILTER and the setting of the

display parameters SENSOR_EDIT 5, SENSOR RESID_TEST 5 and SENSOR_DELQ 5 to EDIT
FLAG, RESID_TEST and DELQ, respectively.

t

4.3.2.7.5-2
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4.3.2.7.6 MSBLS elevation. The MSBLS elevation measurement subfunction calcu-

lates the estimated MSBLS elevation measurement, the residual, and the measure-

ment partials, and it selects the proper variance that models the instrument
error. It is assumed that the MSBLS elevation measurement data will be provided

to this subfunction by the MSBLS RM by way of the sensor data snap.

A. Detailed Requirements. Descriptions of symbols used in the following equa-

tions may be found in Tables 4.3.2.7.6-I and 4.3.2.7.6-2.

First, a transformation matrix from M50 to MSBLS elevation radar coordinates

will be computed at the time tag of the MSBLS elevation measurement, T EF
ELMLS.

M_EFTOM50 = EARTH FIXED TO M50 COORD (T EF ELMLS)

M_M50 TO SCANNER : M_EFTORADEL M_EFTOM50 T

where M_EFTORAD_EL will be provided by the runway/MSBLS site lookup

subfunction (Section 4.5.2.1). The relative position of the Shuttle with re-

spect to the MSBLS elevation radar will then be calculated as

4.3.2.7.6-I
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R : M_M50_TO_SCANNER(R _RESID- R ELMLS)

whereR ELMLS is computedby using the equation

_ELMLS= M EFTOM50R _ELMLS_EF

and _R_ELMLS-EFwill be obtained from the runway/MSBLSsite lookup
subfunctlon. The state vector, R _RESID,maybe interpolated to the sensor
measurementtime, if required, as described in Section 4.2.3.

The subfunctlon will then computethe estimated elevation measurement
by

O : ARCTAN(R3/RI) + BIAS_ELMLS F3,F7

and will compensatefor antenna displacement by

O = O + MLSANTNBDISTSIN(Q+ PITCH_M- MLSANT_ANG)/R_RHO F3,F5

whereR_RHOis equal to the magnitude of R, MLSANTNBDIST is the d_stance
from the navigation base to the MSBLSantenna location on the vehicle,
MLSANTANGis the angle between the navigation base to the MSBLSantenna
vector-and the vehicle's X body-axis, and PITCH_Mis the pitch angle.

Finally, the residual will be computedby

DELQ= Q_ELMLS- Q

The variance of the MSBLSelevation measurementis to be then set equal to
the design dependentparameter VARELMLS(Section 4.9.3):

VAR : VAR ELMLS
D

The elevation measurement partials are to be computed by using the function
ANGLE PARTIALS (described in Section 4.4.5.3) with R ELMLS and the negative

of the second row of the transformation matrix from-_O to the MSBLS eleva-

tion radar coordinates as inputs:

CALL: ANGLE PARTIALS

IN LIST: R _ELMLS, -M_M50 TO SCANNER2,1to3

The scale factor on the filter mean square residual used in the residual

edit test, K_RES_EDIT, shall be set equal to K EDIT_MLSEL, which is a
premission load.

F3 This equation shall be protected against division by zero (Reference 3.6.3).

F7 This equation shall be protected against arc tangents with both arguments
equal to zero (Reference 3.6.7).

F5 This equation shall be protected against arc sine of arguments with magnitudes

greater than unity (Reference 3.6.5).

4.3.2.7.6-2
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Finally, the state vector and the covariance matrix will be updated as
described in Secion 4.3.2.7.

Interface Requirements. The inputs and outputs for the MSBLS elevation meas-
urement subfunctlon are given in Tables 4.3.2.7.6-I and 4.3.2.7.6-2.

Processing Requirements. This subfunction will be performed after the state

and covariance matrix have been propagated, at the basic filter rate.

Constraints. This subfunction will be executed only if MSBLS elevation data
are labeled valid (i.e., the MLSEL DATA GOOD flag is ON).

Supplementar_ Information. It is assumed that all vehicle-mounted MSBLS an-
tennas are collocated.

A possible implementation of this subfunction is shown in flow charts MLS_

NAV and MLS EL NAV CODE in Appendix B. These flow charts also contain

equations described in Section 4.3.2.7. MLS NAV shows the setting of the fil-

ter control flags MANUAL EDIT OVERRIDE and STAT FLAG to OFF; MLSEL_NAV

shows the call to NAV_FILTER,-and the setting of the display parameters

SENSOR_EDIT 7, SENSOR_RESID_TEST 7, and SENSOR_DELQ 7 to EDIT_FLAG, RESIDTEST
and DELQ, respectively.

m It
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4.3.2.8 Measurement Processing Statistics

During the preland navigation principal function, the measurement processing sta-

tistics subfunction will compute for downlist and for display on the horizontal

situation cathode-ray-tube display page certain parameters that are indicative

of the health of the navigation filter. It also will compute a discrete signal

to be used by user parameter processing to drive the navigation event light.

A. Detailed Requirements. For each of the following external measurement

types, three parameters are to be computed to show how well the navigation

filter is processing external measurements of that particular type. The ex-

ternal measurement types for which processing statistics will be computed

are as follows:

TACAN bearing

TACAN range
Barometric altitude

MSBLS azimuth

MSBLS range
MSBLS elevation

Additional detailed requirements concerning the three parameters to be

computed for each measurement type above may be found in Section 4.2.8.2.

Since, during preland navigation, drag derived altitude measurements will

not be processed by the navigation filter, the three display parameters

associated with drag altitude measurements will be given the value "BLANK"

in accordance with display requirements.

This subfunction also will evaluate edit flags for the three MSBLS measure-

ment types to compute the sensors' status discrete. Detailed requirements

for this calculation may be found in Section 4.2.8.1.

B.

A further capability will be provided by this subfunction to generate the re-

sidual and ratio parameters described in Section 4.2.8.2 for display under

certain circumstances (determined by the preland sensor measurement selec-

tion subfunction) when the filter would not normally be attempting to pro-

cess data. If the sensor edit indicators are found to have the value

"STAT", this shall indicate to the measurement processing subfunction that

this filter cycle was performed only for the production of filter statistics

and that the calculations leading to the edit history indicator shall ignore

this "statistics only" filter cycle.

Interface Requirements. Inputs and outputs are listed in Tables 4.3.2.8-I
and 4.3.2.8-2.

C. Processing Requirements. None.

D. Constraints. None.

E, Supplementary Information. A suggested implementation for this subfunction

may be found in the detailed flow chart MEASPROCESSING_STATISTICS_PRELAND

code of Appendix B.
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4.4 SUBFUNCTIONS COMMON TO SEVERAL NAVIGATION-RELATED PRINCIPAL FUNCTIONS

This section documents detailed requirements for subfunctions identified as

being common to two or more navigation-related principal functions or their

major subfunctions. The detailed requirements specified here will be referenced

from the section to which they are common and, where referenced, may be regarded
as inserts to paragraph A - Detailed requirements - in these sections.

J

I 4,,

4.4-I



I

e

78FM56

4.4.1 User Parameter State Propagation

During the entry operational sequence (OPS-3), the navigation state propagation

subfunction advances the navigation state vector at relatively large intervals,

at the end of which external measurement data processed by the filter are incor-

porated when appropriate. Since users such as guidance and displays, require a

knowledge of the state vector at shorter intervals, the user parameter state

propagation subfunction will perform the integration of the equations of motion

in a M50 coordinate system over shorter intervals than that of the navigation

propagation. It will employ the most recent navigation-computed acceleration

vector and the accumulated IMU-sensed velocity (snapped at each step from the

accelerometers). During those periods when drag accelerations are being

modeled, the accelerometer readings shall be ignored. In this case, the gravity

acceleration vector G _OLD is actually the total acceleration since it is the

sum of the accelerations due to both gravitational forces and aerodynamic forces

(Section 4.2.1.2). These integration processes shall be restarted at the comple-

tion of each navigation cycle with the navigation state•

The initial value of the state that is to be advanced (integrated forward in

time) may be from either one of the following two sources:

I • If an update from the filter is not available (FILT UPDATE = OFF), the

propagated state, saved from the previous cycle, is used as the initial

value of the state to be advanced. On the previous cycle, the IMU-sensed ve-

locity was also saved, whereas a constant value of gravity acceleration is

used between updates.

. If an update from the filter is available (FILT UPDATE : OFF), the naviga-

tion filter updated state, together with its time tag and associated

accumulated sensed velocity, replaces the previous user parameter propagated

state, time tag, and accumulated velocity. A value of gravity acceleration

computed with the filter state is available through COMPOOL. Advancement is
to be the same as in item I.

This mechanization permits independent computation rates for the user parameter

state propagator and the navigation state propagator. It also provides the nec-

essary synchronization between these functions when required. For the case when

an update from the filter is available, the filter update and reset equations

are as follows: If FILT UPDATE = ON, then

G OLD : G RESET

R AVGG : R RESET

V AVGG : V RESET

V IMU OLD : V IMU RESET

T STATE : T RESET

FILT UPDATE : OFF

4.4.1-I
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UPPUPDATE= ON

The FILT_UPDATEflag is set to OFFto inhibit a reset until it is again set
to ONby the navigation filter. The UPP_UPDATEflag is set to ONto indicate
that the UPPstate has been updated by the naviEation filter.

The computational sequencefor state advancementfollows:

I. Computethe interval over which advancement is required:

SNAP IMU (V _IMU_CURRENT, T_IMU)

DT IMU = T IMU - T STATE

2. If IMU data are being used (USE_IMU_DATA = ON), compute the change in

IMU- sensed velocity

DV S = V IMU CURRENT - V IMU OLD

otherwise let

DVS=O

3. Compute the advanced position vector:

R AVGG = R AVGG + D__I.U [_V _AVGO + 0.5 (DV_S + DT_I.U G OLD))

4. Compute the advanced velocity vector:

V AVGG : V AVGG + DV S + DT IMU G OLD
n _ .......

5. Save the time tag for output and/or for use in the next cycle:

T STATE = T IMU

6. Determine the earth-relative velocity vector in M50 coordinates using

the V REL subfunction

_Y_RHO = V_REL(_V _AVGG, R _AVGG)

7. Save the IMU-sensed velocity for output and for use in the next cycle:

V IMU OLD = V IMU CURRENT

p

Q
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4.4.2 ENTRY/TAEM/AUTOLAND Guidance Parameters

Guidance and other systems require that certain navigation-related calculations

be accomplished during the ENTRY and TAEM/Landing major modes. Since many of

the required parameters are common to both modes, one subfunctlon called

GUIDECOMP is designed to handle the calculations. It should be expected that

the commonality existing in these two major modes is not perfect and therefore

we find that certain parameters required during ENTRY are not needed in the

TAEM/Landing major mode. In the same manner, the reverse is also true. The

main differences between the two modes are basically two in nature:

(a)

(b)

Lift-to-drag ratio, total sensed acceleration and inertial speed are

required for ENTRY but not for TAEM/Landing, while flight path angle is

required for TAEM/Landing but not for ENTRY.

Calculation of h, h and h is with reference to runway coordinates when

Autoland guidance is active, while, for ENTRY and TAEM guidance, calcula-

tion is with respect to topodetic coordinates. The latter computations

are made in a separate subfunction called H_HDOT_ACCVERT.

With these two differences in mind the sequence of the calculations is fairly

straightforward.

The subfunction, H HDOT_ACCVERT, performs the computation of altitude, altitude

rate and altitude acceleration during the ENTRY major mode and the TAEMguidance

phase of TAEM/Landing major mode. These parameters are calculated by employing

position and velocity vectors in M50 coordinates as input data. First, the abso-

lute value of the position vector R _AVGG is computed:

R_VEHMAG : ABVAL(R _AVGG)

Then, the parameters A_O and FLATCON, which are related to the earth's

ellipticity, ELLIPT, are defined

A 0 : (1.0 - ELLIPT) 2

FLATCON = 1.0 - A 0

Next, a unit vector along the Shuttle position vector is determined:

VNOR = - R AVGG/R VEH MAG

Then, certain quantities are computed in order to obtain a topodetlc unit vector

in the ZTD - direction:

UK = VNOR " EARTH POLE

TEMP : (A_O + FLAT00N UK2)

RAD_P : EARTHRADIUSEQUATOR (A_O/TEMP) I/2
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The fourth quantity required varies slowly with time and hence is calculated
only whenthe UPPstate is updated by the navigation filter; that is, when

UPP UPDATE = ON

then

UX : (EARTH_POLE - UK VNOR) (FLATCON UK RADP)/(TEMP R_VEHMAG)

If UPPUPDATE = OFF, UX is held to its previous value.

The altitude and altitude rate are computed from:

ALT = R VEH MAG - RAD P

H_DOTELLIPSOID = -V _RHO ' (UX + VNOR)

and the altitude above the runway is determined by:

ALT WHEELS = ALT-ALT RW
D

A test will be made to determine if the major mode is TAEM/Landing, denoted by

_4_CODE 305. If MM_CODE_305 = ON, then altitude and altitude rate will be

modified to account for rotation about the pitch axis of the navigation base
with respect to the e.g. as follows:

ALTWHEELS = ALTWHEELS - (X NB WH SINTH + Z NB WH COSTH)

H DOT_ELLIPSOID : H DOT ELLIPSOID
D

- WBR 2 RAD_PER DEG (X NB CG COSTH - Z NB CG SINTH)

where X NB CG and Z NB CG are the (positive) X and Z structural body axis dis-

tances between the navigation base and the vehicle cg and X NB WH and Z NB WH

are the (positive) X and Z structural body axis distances between the navigation

base and the bottom of the rear wheels. The term WBR 2 is the vehicle pitch rate

in degrees per second, and SINTH and COSTH are the sine and cosine of the pitch
angle. If MM CODE 305 = OFF, then these modifications to ALT WHEELS and H DOT
ELLIPSOID are-by-passed. - - -

Next, the vertical acceleration will be determined in one of two ways:

(a) If the navigation filter has updated the state, denoted by UPP UPDATE :

ON, then the vertical acceleration will be comuted by extrapolating the

previous values:

ACC_VERT : ACC_VERT_OLD + DELTA_ACC_VERT (T_STATE - T_STATE_LAST)

DELTA T
m

where ACC_VERT OLD is the previous value of ACC VERT, DELTA ACC VERT is

the difference between the two most recent values of ACC VERT excluding

any navigation filter update value, and DELTA_T is the d_fference between

Q
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(b)

the times associated with those values of ACC VERT employed to compute

DELTA_ACC_.VERT. The update flag, UPP_UPDATE,-is subsequently set to OFF.

If the update flag, UPP_UPDATE : OFF, indicating no navigation update of

the state, then, the vertical acceleration is computed as follows:

ACC_VERT : (H_DOTELLIPSOID - H_DOTLAST)/(T_STATE - T_STATE_LAST)

Also, when UPP UPDATE = OFF, the values of ACC VERT and T STATE are

employed to calculate current values of DELTA ACC VERT ant DELTA T as

well as values of T STATE OLD and ACC VERT OLD -

DELTA ACC VERT : ACC VERT - ACC VERT OLD

DELTA T : T STATE - T STATE OLD

T STATE OLD = T STATE

ACC VERT OLD : ACC VERT

Finally, the previous values of altitude rate and state time are set to

current values:

H DOT LAST = H DOT ELLIPSOID

T STATE LAST = T STATE

The subfunction, GUIDECOMP, is employed throughout ENTRY and TAEM/AUTOLAND

major modes. First, the earth-fixed-to-M50 coordinate transformation will

be transposed to form a M50-to-earth-fixed transformation:

M_TEMP_TXPOS = EARTH_FIXED TO M50_COORD(T_STATE) T

Then the Shuttle position vector and relative velocity will be transformed
into EF coordinates

R EF : M TEMP TXPOS R AVGG

V RHO EF = M TEMP TXPOS V RHO

and the magnitude of the relative velocity will be calculated:

RELVELMAG : ABVAL(V _RHO)

Next, by using the earth-fixed-to-runway transformation, the position and

velocity in runway coordinates will be computed:

POSITION WRTRUNWAY : M EFTORW (R _EF - R LS EF)

VELOCITY WRT RUNWAY = M EFTORW V RHO EF

where R LS EF is the raduis vector to the landing site reference point.
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The componentsof these vectors are

downrange position : POSITIONWRTRUNWAY I

crossrange position : POSITION_WRTRUNWAY 2

altitude position = -POSITION_WRTRUNWAY 3

downrange velocity = VELOCITY_WRTRUNWAY I

crossrange velocity = VELOCITYWRT_RUNWAY 2

altitude rate = -VELOCITY_WRTRUNWAY 3

A test will be made to determine if the transition to AUTOLAND guidance has

occurred. If TG END = ON, AUTOLAND guidance is in effect and all subsequent cal-
culations will be done with respect to the landing runway coordinate system.

Radar altimeter data, consisting of the altitude of the Shuttle, the data good

flag, and the time tag (which will subsequently be adjusted by a premission-

loaded time bias) will be collected:

SNAP RADAR ALTIMETER (Q_RADALT, DGRADALT, TRADALT)

All data are to be saved in one uninterrupted operation by the transfer of the

parameters from working locations that are constantly being updated by hardware

data reads and other operations into special locations. It will then be deter-

mined whether the third component of the vector, POSITION WRT RUNWAY will be

replaced with a value derived directly from the radar altimeter measurement of

altitude. If RAW RA PROC = ON and if DGRADALT = ON, the following computations
will be performed:

T RADALT = T RADALT - TIME BIAS RADALT

POSITION_WRTRUNWAY 3 : -Q_RADALT + BIASRADALT

+ (TSTATE - TRADAI,T) VELOCITY_WRTRUNWAY 3

-SIN(RADALTANG - THETA RAD_PER_DEG) RADALT NB DIST

where DG_RADALT is the data validity indicator for the radar altimeter altitude

measurement and RAW RA PROC indicates whether the vehicle position is within the
zone of radar altimeter use. If the first part of the test fails, that is, if

RAW RA PROC = OFF, then the following test shall be made to determine whether

the vehicle is close enough to the runway threshold to permit radar altimeter
utilization:

2
O O

If P0SITIONW TRUNWA ÷ P0SITIONWRTR WAY < R GO

then set

RAW RA PROC = ON.
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The altitude of the rear wheels (corrected for the pitch plane altitude differ-

ence between the navigation base and the rear wheels), the altitude above the

ellipsoid and the altitude rate (corrected for pitch rate of the navigation base
with respect to the cg) shall be calculated:

ALT_WHEELS : -POSITION WRTRUNWAY3 _ (X._NB_WB SINTH + Z_NBWH COSTH)

ALT : ALT WHEELS + ALT RW

H_DOT_ELLIPSOID : -VELOCITYWRT._RUNWAY 3 . WBR 2 RAD...PER_DEG

(X NB CG COSTH - Z NB CG SINTH)

where X NB CG and Z NB CG are the (positive) X and Z structural body axis dis-

tances between the navigation base and the vehicle cg and X NB WH and Z NB WH

are the (positive) X and Z structural body axis distances between the navigation

base and the bottom of the rear wheels. The term WBR 2 is the vehicle pitch rate

in degrees per second, and SINTH and COSTH are the sine and cosine at the ptich

angle. These last three terms are obtained from the attitude processing princi-
pal function. The vertical acceleration is then obtained from

ACC._VERT = (H_DOT_ELLIPSOID - H DOT_LAST)/(TSTATE - T_STATE_LAST)

Subsequently, previous values are set equal to current values:

H DOT LAST : H DOT ELLIPSOID

T STATE LAST = T STATE

If TG END : OFF, Entry or TAEM guidance is in effect and two separate tests will

be made to establish the values of the LD GR H_DR flag and the VNT DR SEQ_INIT
flag. First, a flag, TEST LD GR, is tested; if it is ON then a further test is

made on the relative velocity. If the relative velocity is less than a

presecribed threshold value, LDGR_VEL_THRSH, then the landing gear hydraulic
conditioning flag, LD GR HYDR, is turned ON and the flag, TEST LD GR, is

subsequently turned OFF; that is, if TEST LD GR : ON, then test REL_VEL_MAG;

If REL VEL MAG < LDGR VEL THRSH

then

LD GR HYDR : ON

and

TEST LD GR : OFF.
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In a similar manner, a flag, TEST VNT DR, is tested; if it is ON; then a

further test is made on the relative velocity. If the relative velocity

is less than a prescribed threshold value, VNTDR VEL THRSH, then the open

vent door flag, VNTDR_SEQ_INIT is turned ON and-the-flag TEST_VNT_DR is
subsequently turned OFF; that is,

If REL VEL MAG < VNTDR VEL THRSH

then

VNT DR_SEQ_INIT = ON

and

TEST VNT DR = OFF.

Returning now to calculations common to both modes, the heading of the Shuttle

navigation base with respect to the runway centerline will be computed:

COURSE_WRTRW = ARCTAN2( VELOCITY_WRTRUNWAY2, VELOCITY_WRT_RUNWAY I)

A test will be made to determine if the computed course is a negative number:

COURSE WRT RW < 0

If this statement is true, 2_ radians will be added to the computed value:

COURSE WRT RW : COURSE WRT RW + 2 PI

Finally the value is converted to degrees

COURSE WRT RW = COURSE WRT RW DEG PER RAD

The primary runway ID is to be renamed for use by ENTRY and TAEM guidance.

RW ID UPP : RW NAME

Next, the vehicle groundspeed will be determined:

V_GROUNDSPEED : (REL_VEL_MAG 2 - H_DOT_ELLIPSOID2) I/2

A test will be made to determine if there has been a change in status of

the IMU's, (for instance, an IMU failure). If the current value of IMg_SFC
is the same as the previous value, IMU_SFCPREV, indicating no change in
the status of the IMU's that is if

IMU SFC = IMU SFC PREV

then the total sensed acceleration vector, TCG, is computed from the IMU-
measured velocities:

!CG = (V _IMU_OLD - V _IMU_PREV)/(TSTATE - T_STATE_PREV).
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Next, the drag acceleration magnitude follows from

ACC_DRAG = -(TCG • V RHO)/REL_VEL MAG

and previous values are set equal to current values:

T STATE PREV = T STATE

V IMU PREV = V IMU OLD

IMU SFC PREV = IMU SFC

A test will be made to determine if the major mode is ENTRY or TAEM/AUTOLAND.

If the major mode is ENTRY, that is, if

_@4_CODE_305 : OFF

then the lift-to-drag ratio, magnitude of total sensed acceleration, and iner-

tial speed are calculated.

In order to compute the lift-to-drag ratio, the lift acceleration and a +Y body

axis unit vector in M50 coordinates must first be determined. The components of

this unit vector are calculated from the M50 to body quaternion as follows:

Y BD UNIT I = Q_B_I 3 (Q B_I 2 + Q_B_I 2) + Q_B_I I (Q B_I 4 + Q_B_I 4)

Y BD UNIT 2 = I - Q_B_I 2 (Q_B_I 2 + Q_B_I 2) - Q_B_I 4 (Q_B_I 4 + Q_B_I 4)

Y_BD_UNIT 3 = Q_B_I 4 (Q_B_I 3 + Q_B_I 3) - Q_B_I I (Q_B_I 2 + Q_B_I 2)

Acceleration lift, lift-to-drag ratio, magnitude of the total sensed accelera-

tion and inertial speed will then be computed:

ACC_LIFT : TCG • ( (Y BD UNIT x V _RHO)/ABVAL(Y BD UNIT x _V_RHO))

LOD = ACC LIFT/ACC DRAG
m

LOADTOTAL = ABVAL(TCG)

V_MAG : ABVAL(_V _AVGG)

If the major mode is TAEM/Landing, that is, if

MM_CODE_305 : ON

the flight path angle shall be calculated as

FLT_PATH_ANG : SIN- I(H_DOT_ELLIPSOID/REL_VEL_MAG)
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Next, the value of the navigation event lamp indicator, EVENT_LAMP_FIVE,will be
established. If ALTWHEELS> ALTEL3, set

EVENTLAMPFIVE : NAVEL FLAG

where NAVEL FLAGindicates the status of external sensor data processing by
either the ENTRYor PRELANDnavigation principal function.

If the above test fails (i.e., if ALTWHEELS<ALTEL3) then the radar altimeter
data validity indicator, DG_RADALT, shall be tested and the value of an addi-

tional indicator, RA_FLAG, shall be established. If DG RADALT = ON, then set RAw

FLAG to OFF and initialize the sequential counter, N_SEQ_RA, to a value of one

(I). If DG RADLT = OFF, increment N_SEQ_RA by one and then if N_SEQ_RA exceeds

a maximum a_lowable value, N_SEQ_MAX, set RA_FLAG t_ ON. Finally, the value for
EVENT LAMP FIVE shall be established as follows:

If NAV EL FLAG : ON or RA_FLAG = ON, set EVENT LAMP FIVE = ON, otherwise set
EVENT LAMP FIVE = OFF. - -

These calculations have been simplified to conserve memory locations and execu-

tion time. The assumptions are as follows:

I. Position and velocity are defined with respect to the vehicle navigation
base rather than the cg.

. A correction factor has been applied to the altitude and altitude rate calcu-

lation _o correct for pitch and pitch rate errors introduced because of the
first assumption. Roll and roll rate are not included.

3. Flightpath angle is computed at the navigation base. Thus, errors will be

introduced whenever pitch rate is not zero.

4. The SNAP statement above implies the assignment of current values to the var-

iable names shown in parentheses.

The terms X NB CG and Z NB CG used in the altitude rate correction are positive

numbers equal to the X and Z structural body axis distance between the naviga-
tion base and the vehicle cg.

X NB CG : X CG - X NB
b

Z NB CG = Z NB - Z CG
m

The terms X NB WH and Z NB WH used in the rear wheel altitude correction are pos-

itive numbers equal to the X and Z structural body axis distance between the nav-

igation base and the bottom of the rear wheels.

X NB WH : X WHEELS - X NB

Z NB WH = Z NB - Z WHEELS

lW
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4.4.3 Coordinate Transformations

These nine subfunctions provide the capability for transforming parameters

specified (or computed) in one coordinate system to another coordinate system.

Coordinate system definitions are provided in Appendix C.

Each of the nine subfunctions described in Sections 4.4.3.1 through 4.4.3.9 may

be executed separately. The subfunctions do not actually perform the coordinate

transformation; only the rotation matrix is computed.

For consistency, it is assumed that all coordinate systems located on the sur-

face of the earth are specified in terms of geodetic parameters (i.e., geodetic

latitude, longitude, and altitude above the reference ellipsoid) and that all az-

imuth angles are referenced to true (not magnetic) north.

Input and output parameters for all subfunctions are listed in Tables 4.4.3-I

and 4.4.3-2.

m"

o B

4.4.3-I



.=r

°°
_o

co
t---

aw

o.,
z
i-4

co
Z
o
i-4
E-0

o

r.Q
,7
,,_

Z

!

'T
c_

e-,._

t_
r"

-° ...° _ .° .° _ -.

0

0

CO

II
li

4.4.3-2



N

o°

co

0)

c_

c_
o
u

i

'7

4-)

e_

®

ee:

0

0

L,

@
C_

,._ _
0

0 H

o_

o o-,M

O. q)

!

_'_I {0 ,-. _, -_ _ cO

_0 0 0c 0 0 "0 %-_ 0

® _ o _ o

_,_ "_ 0 -_ _D -M ¢_ 0 .M r_. 4-) .,-i 0

o_O o_ _ ,_ _. o oi ._
rM

0 0._

8 8_ _ _ _ _ ,. 8 _o _'_
CD C_ CD _1,

0

.,o
0

@

II

4.4.3-3

L _



::r

°°

r..
co

0
C
0
_D

I

7
c_

.............. _o _..° -° ...... .° _o _ .° ...... ° _ -° _ -° .° . ....... .° -0 ...° -... --°

0
.,.-I

C_

.,-i

0
c_

•13 "13

0 0
0 0 _

0

•,_ 0 0 0 _ 0

,-i ,.-4 0 0

_ "M 0 _._ _ 0

o _ _ _ _ _ o_o ._
_ _ o i _ _

e.
o

.,.t

t
s

4.4.3--4



41

I

E-_
.--I
°°

_0

r.
CO

.,=:

[-..,
::::)
_.,
E-,
;:D
O

03
Z
O
H
E-,

0

Z

a:;
[.-i

I--t

0

8
I

!

..--1

O m
cJ L,

p3

..,-I
¢-,

(-,

O
.,-I

O
Q)

C:::
O

.H

c'_ C
.4-) .-4
_._

O
q)

--° --...

.,--I
O
.IO
E_

r,3

"10 10

I I _, _ r_

I_ r_ r_ r_ r_ r_ r_

i I | I i I

0

0 I_m:; 0

0 0 0 [-_ b.'l

r..u r.u r.u _ [_,t

_1 _1 ,s.,i _1_ .,_ o..-1 .",

• _, .o _0 .... .... .. _. _ .. _... _ _ _ _ .. .... . _o _0 .. _ _ .. _ _ _ -......o _ _ ..

4_
m

-H

0
0

0 (D O_

0 Q 0 e.
_ _ ._ 0

c l ",'_

4.4.3-5



E-t

°°

oO

'0

r-¢
0

0
C.)

I

!

@

_ _ _°_

e_
0

0
Q)

.o _° _°

_ .o _°

I I
I I

0

o I
(-_

e_
0

0

r,

_o

40

°,._

0
0
0

0

0

@

0

0

o I

.o ...o

I

.,-4

0
40

0 0
._4

_ ..... 0 _ _

0

0

0 0

I

4.4.3-6



Q

N

78FM56

4.4.3.1 Transformation From Aries Mean of 1950 to Earth-Fixed

The purpose of this subfunction is to provide a transformation matrix

(M_M5OTOEF_AT_EPOCH) from Aries M50 coordinates to earth-fixed coordinates,

that accounts for the nutatlon, precession and rotation of the earth from the

beginning of the besselian year 1950.0 to a specified time T_EPOCH.

For a nominal entry the matrix M_M5OTOEF AT EPOCH (usually referred to in the

literature as the BNP matrix) will be supplied via I-load. The time, T EPOCH,

is the time of nominal touchdown expressed in seconds since the beglnni_g of the

year in which the mission was launched. This, too, is an I-load.

Both T EPOCH and M M50TOEF AT EPOCH are contained in section 4.9.2, where the
mission dependent parameters are listed.

The software will not be designed to preclude any particular value of T_EPOCH,

whether future or past, subject only to the restriction that if the time desired

is in a year other than the one in which the mission was launched, the general

time variable will be continuous over the year-end/year-beginning transition.

4"

O
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4.4.3.2 Earth-Fixed to M50

The purpose of this subfunction is to propagate the matrix M_M50TOEF AT EPOCH

from the last epoch time to the time of interest. This propagation accounts
for the earth's daily rotation effects only.

The nutation/precession computations are lengthy, and it is assumed that

suitable accuracy can be maintained by employing the approximation of earth
motion described in this section.

Formulation: A simple Z-axis rotation is performed through the angle defined by

the product of the earth's mean rotational rate (EARTH_RATE) relative to the
mean-of-date system, and the difference between the time (T EPOCH) associated

with the matrix (M M5OTOEF AT EPOCH) and the time (TIME) of-this requested
matrix. Thus, for-the defined

DELT : TIME - T EPOCH

the angle of rotation is

LAM : (EARTH_RATE) DELT

and the rotatin matrix, M, is defined by the equation

)cos (LAM) -sin (LAM) 0 F9

M= _ sin(LAM) cos(LAM) 0 F9
0 1

The variable TIME, provided by the user of the earth-fixed to M50 transforma-

tion, is a year-of-date time tag in seconds and is referenced to the beginning
of the same year for which T EPOCH is referenced. The parameter EARTH RATE is
a constant (see Section 4.9.7).

The matrix is then used to compute a current transformation matrix from earth-
fixed to M50 coordinates:

EARTH_FIXED TO M50_COORD = M M5OTOEF AT EPOCH T M

Because of the sparseness of the matrix M, both core and execution time will be

conserved by use of the following formulation. For notational convenience, let
N denote the matrix M_M50TOEF AT EPOCH. The sine and cosine of LAM will be

computed once and denoted by CLAM = COS (LAM) and SLAM = SIN (LAM). Then EARTH

FIXED TO M50_COORD will be computed as follows:

EARTH_FIXED TO M50 COORDI, I : NI, I CLAM + N2, I SLAM

F9 This equation shall be protected against return value of sine or cosine

with magnitudes greater than unity (Reference 3.6.9)
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EARTH FIXED TO MSO COORD 1 2 = NI I SLAM + N2, I CLAM
.... 9 P

EARTH FIXED TO _f_O COORD 1,3 = N3,1

EARTH_FIXED_TO_MSO_COORD2, I = NI, 2 CLAM + N2, 2 SLAM

EARTH_FIXED TO _50COORD2, 2 = NI, 2 SLAM + N2, 2 CLAM

EARTH-PIXED-TO-MSO-COORD2,3 - N3,2

EARTH FIXED_TO__O COORD3, I = NI, 3 CLAM + N2, 3 SLAM

EARTH-FIXED-TO-MSO-COORD3,2- -Sl,3 SLAM + N2,3 CLAM

EARTH FIXED TO _O_COORD 3 ,3 = N3,3

This subfunction may be executed as needed. The time (TIME) at which the output

transformation matrix (EARTH FIXED TO M50-COORD) is desired must be supplied by

the user in elapsed seconds _n the year of date consistant with the time
T EPOCH.

A valid M_MSOTOEF AT EPOCH must be available before this subfunctlon can be
executed.

The Aries mean of 1950 and the earth-fixed coordinate systems are shown in Ap-
pendix C.

D
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4.4.3.3 Geodetic to Earth-Fixed

This submoduleaccepts the geodetic parameters of a point and computesthe
earth-fixed Cartesian coordinates of that point.

Formulation: The input angles must be in radians. The equations necessary to
transform geodetic parameters to earth-fixed coordinates are as follows:

R_EFI :
i eARTH_RADIU _EQUATOR ]

+ ALT

cos 2 (LAT_GEOD) + (I - ELLIPT) 2 sin 2 (LAT_GEOD)) I/2

cos (LAT_GEOD) cos (LON)

F9

F3,F4

R 2 EARTH_RADIUS_EQUATOR
_ : [ +ALT(cos 2 (LAT_GEOD) + (I - ELLIPT) 2 sin 2 (LAT_GEOD)) I/2 ]

cos (LAT_GEOD) sin (LON)

F9

F3,F4

R_EF 3 =

(I - ELLIPT) 2 EARTH RADIUS EQUATOR

(cos 2 (LAT_GEOD) + (I - ELLIPT) 2 sin 2 (LAT_GEOD)) I/2

sin (LAT_GEOD)

F9

F3,F4

8

F3 This equation shall be protected against division by zero (Reference 3.6.3)

F4 This equation shall be protected against square roots of a negative number

(Reference 3.6.4)

F9 This equation shall be protected against return value of sine or cosine

with magnitudes greater than unity (Reference 3.6.9)
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4.4.3.4 Earth-Fixed to Topodetic

Thls subfunction accepts the geodetic latitude and longitude of a point and com-

putes the rotation matrix from earth-fixed coordinates to a topodetic coordinate

system for the input location.

Formulation: This subfunctlon creates the rotation matrix as an Euler Z, Y se-

quence through the longitude angle (LON) and the geodetic latitude angle plus 90

degrees (LAT_GEOD + _/2), respectively. The necessary equation is

-cos(LON)sin(LAT_GEOD) -sin(LON)sin(LAT_GEOD) cos(LAT_GEOD) ]

M : l-sln(LON) cos(LON) 0 ] F9
-cos(LON)cos(LAT GEOD) -sln(LON)cos(LAT_GEOD) -sin(LAT_GEOD)

O a_

F9 This equation shall be protected against return value of sine or cosine

with magnitudes greater than unity (Reference 3.6.9)
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4.4.3.5 Earth-Fixed to Runway

This subfunction accepts the geodetic latitude, longitude, and azimuth of the
runwayand computesthe rotation matrix from the earth-flxed coordinate system
to the runwaycoordinate system.

Formulation: The earth-fixed to topodetic subfunction is used to obtain an

earth-fixed to topodetic rotation matrix. Then the earth-fixed to topodetic

matrix is multiplied by an Euler Z rotation matrix through the runway azimuth

angle (AZ). The equation is

[o ](cos AZ) (sin AZ) 0

M = (-sin AZ) (cos AZ) 0 F9
0 I

where AZ is the runway azimuth angle measured clockwise from true north to the

+X-axis of the runway. Then the transformation matrix is computed by

EF TO RUNWAY = M EF TO TOPDET

input angles must be in radians.

The runway and topodetic coordinate systems are shown in Appendix C.

Q

F9 This equation shall be protected against return value of sine or cosine with

magnitudes greater than unity (Reference 3.6.9)
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4.4.3.6 Earth-Fixed to Scanner

The purpose of this subfunction is to computethe rotation matrix from earth-
fixed to scanner coordinates.

Formulation: The earth-fixed to runwaysubfunction is executed, with use of the
geodetic latitude and longitude of the scanner and the azimuth of the scanner

boresight (AZ) from the true north to obtain a rotation matrix.

The rotation matrix is then multiplied by a rotation matrix representing a 180-

degree rotation about the X-axls. The necessary equation is

EF_TO_SCANNER = M_XROTPI EF TORUNWAY

where

[!00M_XROTPI : -I 0

0 -1

and EF TO RUNWAY is the rotation matrix computed by the earth-fixed to runway
sub function.

All computations are performe_ in double precision.

Input angles must be in radians.

The scanner and earth-fixed coordinates systems are shown in Appendix C.

e

e
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4.4.3.7 Body to MSO

The transformation matrix from structural body to M50coordinates (MAT)is
computedby post-multiplying the transformation matrix from body to M50coordi-
nates by a matrix representing a 180° rotation about the Y-axis.

The transformation from body to 1450 coordinates is derived from the quaternion

Q FIFTY BODY, by employing the general purpose matrix function QuATTOMAT.

- -- utes the transformation matrix, A, associated with a quaternion

QUAT_TO_MAT comp : where A is computed by
Q, as QUAT TO MAT (Q) A,

P2 = Q2 + Q2

P3 = Q3 ÷ Q3

P4 : Q4 + Q4

P5 : P2 Q2

P6 = P4 Q4

Temp = 1.0 - P3 Q3

AII = Temp - P6

A2,2 : 1.0 - F5 - P6

A3,3 = Temp - P5

P5 = P2 Q3

P6 = P4 QI

AI,2 : P5 - P6

A2, I : P5 ÷ P6

P5 = P2 Q4

P6 = P3 QI

AI,3 : P5 + P6

= P5 - P6
A3,1

P5 = P3 Q4

P6 : P2 O I

A2,3 : P5 - P6

A3,2 = P5 + P6
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The structural body to MSO coordinates, MAT, is then computed as

MATRIX = QUAT_TO_MAT (Q_FIFTYBODY)

MATI ,I = -MATRIXI ,I

MATI,2 : MATRIX2,1

MATt ,3 = -MATRIX3, I

MAT2, I = -MATRIXI ,2

MAT2,2 = MATRIX2,2

MAT2,3 = -MATRIX3,2

MAT3 I = -MATRIXI 3
7

MAT3,2 = MATRIX2,3

MAT3,3 = -MATRIX3,3

This subfunction may be executed as needed; however, no extrapolation or inter-

polation of Q_FIFTY_BODY is performed.

Coordinate system definitions and the suggested implementation are shown in Ap-

pendix C.

D
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4.4.3.8 Earth-Fixed to Geodetic

This function is required to transform a Cartesian position vector in the
earth-fixed (Greenwich) coordinate systemto the geodetic parameters: Geodetic
altitude, longitude, and geodetic latitude.

Formulation: The equations necessary to transform the Cartesian position vector
to geodetic parameters are as follows:

The computation for longitude is:
/

LON = ARCTAN (R-EF2 , 0<_ LON< _h

R_EF I )
F3,F7

Computations for geodetic latitude, LAT_GEOD, and height above the reference
ellipsoid, ALT, are as follows:

R_XY : R_EF12 + R_EF22

R : (R_XY + R_EF32)1/2

°_" R EF_/R
D

COS_P : (R_XY) I/2/R

RAD P :
EARTH_RADIUS_EQUATOR

_I + FLATCON SIN_PZ/('I .0 - FLATCON) F3,F4

DEL =
FLATCON SIN P COS P

1.0 - FLATCON COS p2

F3

DEL LAT :

RAD P DEL

R F3

F3 This equation shall be protected against division by zero (Reference 3.6.3)

F7 This equation shall be protected against arc tangents with both arguments
equal to zero (Reference 3.6.7)

F4 This equation shall be protected against square roots of a negative number
(Reference 3.6.4)
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where

PHI : _CTAN (SIN_P/COS_P)

LAT GEOD : PHI + DEL LAT
D

ALT : (R - RAD_P) (1.0 - 0.50 DEL DEL LAT)

78FM56

FT,F3

LAT_GEOD = geodetic latitude in radians

LON : geodetic longitude in radians

ALT = geodetic altitude in feet

ELLIPT = flattening of the reference ellipsoid

EARTHRADIUS_EQUATOR = equatorial radius of the reference ellipsoid

FLATCON = 1.0 - (1.0 - ELLIPT) 2, the eccentricity squared of the

ellipsoid

This subfunction may be executed on demand.

The earth-fixed coordinate system and geodetic parameters are defined in Appen-
dix C.

J

P

F3 This equation shall be protected against division by zero (Reference 3.6.3)

F7 This equation shall be protected against ape tangents with both arguments

equal to zero (Reference 3.6.7)
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4.4.3.9 UVW to M50

The purpose of this subfunction is to compute the transformation matrix from UVW

coordinates to Aries _f30 coordinates, given the position and velocity of the ve-
hicle.

Formulation: The orientation of the U, V, W system is determined by the orbiter

inertial position and velocity vectors (R, V) at the point (or time) of
interest. Define

= (R x V)_R x _ F3

Z:WxU

The transformation matrix from UI_ coordinated to Aries mean of 1950 is then

given by

z wl

F3 This equation shall be protected against division by zero (Reference 3.6.3)
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4.4.4 TACAN Display Computations

During the ENTRY, TAEM and GLIDE RTLS portions of the Shuttle flight, the

Horizontal Situation Display (HSD) provides the crew with spacecraft position

and heading information with respect to the ground plane. In addition to

the graphical display of the Shuttle's position with respect to the runway

and heading alignment circle, other tabular data are displayed. This subfunction

provides tabular data for the TACAN portion of the display. Data for each

of the three TACAN LRU's is displayed.

For each TACAN there is a display of TAC AZ as either the absolute magnetic

azimuth in degrees from the vehicle to the ground station as measured by

the TACAN, or the delta azimuth in degrees formed by subtracting the nay

derived azimuth to the ground station from the TACAN measured azimuth to

the station. In addition, for each TACAN there is a display of range as

either the absolute slant range in nautical miles from the vehicle to the

ground station as measured by the TACAN, or the delta slant range in nautical

miles formed by subtracting the nay derived range to the ground station from

the TACAN measured range to the ground station. Two mutually exclusive items,
ABS and DELTA, are provided on the HSD to allow the crew to select absolute

or delta values of TACAN azimuth and range.

....... _..... _,,=_ sequence for the ABS mode is to convert data from the TACAN

SOP to the proper units for display as follows,

TAC_AZ I = TACBEARO I DEG_PER_RAD

TAC_RNG I : TACRANGEO I NAUTMI_PERFT

If the TAC MODE is not ABS and the TACAN CHAN_VALID SL I is "off", then both

TAC AZ I and TAC RNG I shall be set to "BLANK" for display. If the TAC MODE

is not ABS and The TACAN_CHAN_VALID_SL I is "on", then the computational sequence

is for the DELTA MODE and the differences between the nay derived range and azi-

muth and the TACAN measured range and azimuth are computed. The range differ-

ence for each TACAN is computed as follows:

_EST : R EF - R_TACAN EF SL I

R _TEMP : M_EFTOTD__TAC_ SL I _R_F_T

TACRNG I : (TACRANGEO I - ABVAL(R _EST)) NAUTIMI_PER_FT

The azimuth difference for each TACAN is computed as follows:

TEMP : (TACBEARO I - (ARCTAN2(R_TEMP2, R_TEMP I)

- ANGLE_CORR__TNTOMAG._SL I + PI)) DEG_PER_RAD

This base delta azimuth (TEMP) is then adjusted for the event where the two

angles span the 360 ° or 0° radial as follows:

4.4.4-I
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If ABVAL (TEMP) > 180 °

then set

TAC_AZ I = TEMP - SIGN(TEMP) 360 °

If not, set

TAC_AZ I = TEMP

Finally, independently of the status of the TAC_MODE flag, it is renamed for

output purposes as TAC_MODE_DISP.

m
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4.4.5 Utility Subfunctions

The following subfunctions are utilized by various users. They are mutually in-

dependent, that is, the execution of any one of these functions neither requires

the previous execution nor precludes the future execution of another. They may

be utilized at regular intervals or only upon request.

Input and output parameters for these subfunctions are contained in tables

4.4.5-I and 4.4.5-2 respectively.
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4.4.5.1 Altitude Above the Reference Ellipsoid

The purpose of this subfunction is to calculate the altitude, above the Fischer

ellipsoid, of a point with MSO position vector R. The altitude obtained is ap-

proximate, with the error increasing with altitude. The accuracy obtained in

near earth work (and this covers the range of orbiter altitudes) is considered

adequate. The equation is

H_ELLIPSOID (_R) : I_RI

(I - ELLIPT) EARTH_RADIUS_EQUATOR

1 + ((I -ELLIPT) 2 - I) (I - (UNIT(_R) " EARTH_POLE) 2)

where ELLIPT and EARTH RADUIS EQUATOR are the ellipticity constant (or "flattening")

and the equatorial radius of the 1960 Fischer ellipsoid respectively, and

EARTH POLE is the unit vector in the direction of the Earth's span axis,

expressed in MSO coordinates. All the above parameters are I-load constants

contained in Section 4.9.

A flow chart for this function may be found in Appendix B, under the name

H ELLIPSOID.
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4.4.5.2 Velocity Relative to the Windless, Rotating Atmosphere

This function computesthe velocity, relative to the atmosphere, of a vehicle
with M50position and velocity vectors respectively R and V. The following as-
sumptions are made: there are no winds and the atmosphererotates rigidly with
the earth at all altitudes. The relative velocity is expressed in M50
coordinates.

The equation that accomplishes this is:

_REL(V, R) : V - EARTH_RATE(EARTHPOLEx R)

where EARTHRATEis the Earth's angular velocity with respect to the M50
(inertial) axes and EARTHPOLEis the unit vector in the direction of the
Earth's axis of rotation, expressed in M50coordinates. Both of these parame-
ters are I-load constants contained in section 4.9.

A flow chart for this function maybe found in Appendix B under the nameV _REL.
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4.4.5.3 Partial Derivatives of an Angular Measurement With Respect to the
State Vector

This routine calculates a 6 component vector, B, the components of which are the

partial derivatives of an angular measurement (a scalar) with respect to the

components of the position and velocity vectors of the vehicle relative to the
measurement device.

The function takes as inputs the MS0 position vector of the vehicle at the time

of the measurement (R__RESID), the M50 position vector of the measurement device

at the same time (R _SENSOR) and a unit vector (I _Z) that represents, in the

M50 coordinate system, the direction relative to which the angular measurement

is taken (local north for azimuth, zenital direction for the complement of
elevation).

The following calculations are then made:

REL R : R RESID - R SENSOR

REL R HORZ = REL R - (REL R • __Z) I Z

B1to3 = (I _Z x REL R HORZ)/[REL_R_HORZ[ 2

The other three components of the 6-vector B are identically zero.

B4 to 6 : 0

A flow chart for this function, with the name ANGLE_PARTIALS, may be found in

Appendix B. The flow chart contains equations derived from those above but

optimized for computation in that they eliminate the calculation of the interme-

diate vector REL R HORZ and thereby avoid the calculation of the zero vector

obtained by the cross product of I _Z and (REL R " I Z) I _Z.

6 t
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4.4.5.4 Derivative of the Gravitational Acceleration With Respect to the Posi-
tion Vector

This function calculates a 3 x 3 matrix, the componentsof which are the partial
derivatives of the gravitational acceleration vector with respect to the posi-
tion vector R. This is used in the generation of the state transition matrix,
which is required for covariance matrix propagation. The dominant part of the
gravitational acceleration vector is the central term, which computesthe
earth's attraction as if all its masswere concentrated at the center. This is
the only term utilized in the calculation of the partial derivatives. A vehicle
movingunder the influence of such a gravity field would travel in a conic
orbit. The state transition matrix obtained is based on Keplerian motion as the
reference trajectory.

The equation is:

GRAVITY_GRADIENT(R) : (EARTH_MU/IR15) (3 R RT - IRI2 ID_MATRIX_3x3)

whereEARTHMUis the Earth's gravitational constant and ID MATRIX3x3 is the
3x3 identity matrix. Both are I-load constants contained in Section 4.9.

A flow chart for this function, with the nameGRAVITY_GRADIENT,waybe found in
Appendix B.

a _
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4.5 GENERALREQUIREMENTPRINCIPALFUNCTIONS

This section delineates software requirements in the category of services avail-
able to single or multiple users, that are not specifically function related.
The general requirement principal functions include, but are not limited to, the
following:

I. Entry Precise Predictor principal function (section 4.5.1)

2. Entry Site Lookupprincipal function (section 4.5.2)

3. Entry Auto TACANSelection principal function (section 4.5.3)

e
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4.5.1 Entry Precise Predictor

A capability will be provided for predicting the position and velocity of the

orbiter at some time in the future or past when an initial state and time are
given.

The entry precise predictor principal function will make no use of the IMU-

accumulated sensed velocities and therefore is a free-flight prediction process

even though it may be performed during periods of flight in which navigation is
using accumulated sensed velocities.

Tables 4.5.1-I and 4.5.1-2 show data flow between the entry precise predictor

and other principal functions.

A. Detailed Requirements. The position and velocity of the orbiter at the end

of a given interval of time shall be computed in an M50 coordinate system

by integration of the equations of motion, including gravity and drag accel-
erations (when appropriate).

The accuracy requirements and type of the atmosphere and gravity potential

models used by this prediction fun0tion may vary according to the orbiter's

distance to the surface of the earth and utilization for the prediction

being requested. The user of the entry predictor function specifies the en-

vironmental models desired by means of input arguments, as described in the

paragraphs that follow.

The entry precise predictor function will be called after the following var-
iables have been initialized:

I. T_FINAL, the time at which the final state is desired.

. GMD_PRED, GMO PRED indicators of the gravitational and drag acceleration

model that will be considered valid for the duration of the prediction
interval.

3. R INIT, V INIT, and T_INIT, the initial state and time.

4. DT_MAX, an upper bound for the integration step size.

It will then perform as follows:

I . Obtain R _INIT, V _INIT, and T_INIT and rename them as R _FINAL,

_FINAL, and T.

. Establish the fixed integration STEP SIZE by dividing the time interval

into the smallest number (NUMBER_STEPS) of subintervals consistent with
DT MAX:

NUMBER STEPS = MAX

R ItFINAL-tINITil
OUND

DT_MAX

4.5 .I-I
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STEP SIZE :

T FINAL - T INIT

NUMBER STEPS

Check the input parameter GMD PRED. If the value of this parameter is

zero (a setting which indicates the user wants to use a conic

approximation), the acceleration vector G_PREVIOUS will contain only

the central force term. This will be achieved by a call to a special

routine, CENTRAL (which is documented in Section 4.2.1.2)

CALL: CENTRAL

INLIST: R FINAL

OUTLIST: G _PREVIOUS, R_INV

If GMD PRED has a non-zero value (a setting that indicates a more com-

plete gravity model and possibly a drag model are desired by the user),

the angles of attack and sideslip will be obtained from the Attitude

Processing Principal Function and converted to radians:

SNAP ATTITUDE: ALPHAIN, BETAIN

ALPHA : ALPHAIN RAD PER DEG

BETA : BETAIN RAD PER DEG
m

and the acceleration vector G PREVIOUS will be obtained by a call to

the ACCEL function (instead of the function CENTRAL). Detailed require-
ments for the ACCEL function are contained in Section 4.2.1.2.

_PREVIOUS = ACCEL (GMD_PRED, GMO_PRED, R _FINAL, V _FINAL, T)

Next, for the necessary number of times to cover the whole prediction

interval, this function will perform as follows:

I. Advance the time by an amount equal to STEP SIZE

(T : T + STEP SIZE)

@

4

and advance the position by means of the equation

R FINAL = R FINAL + STEP SIZE V FINAL

+ 0.5 (STEP_SIZE) 2 G _PREVIOUS

o @
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.
Obtain a new value (_G_FINAL) for the acceleration corresponding to the

new position. Again, the subfunction called to provide this acceleration

will depend on the value of the flag GMD PRED: if GMD PRED = 0, the

function CENTRAL will be called. Otherwise, the function ACCEL will

compute the acceleration. In this last case, if a drag acceleration is

required, it will be computed on the basis of the ALPHA and BETA angles
obtained previously. In other words, the model assumes a fixed atti-
tude.

G _FINAL : _ACCEL (GMD_PRED, GMO_PRED, R _FINAL, V FINAL, T)

3. Advance the velocity:

_FINAL : V _FINAL + STEP_SIZE 0.5 (G _PREVIOUS + G _FINAL)

4. Obtain a corrected value for the position by the "super-g" algorithm:

FINAL : R _FINAL + STEP_SIZE 2 (G _FINAL - G _PREVIOUS)/6.

. Save the value of G for the n_ _,r_la' _ D_IrT_[lq - _ mTLV_ _u-

values of R _FINAL, V FINAL, and G _FINAL after these operations have

been performed the appropriate number of times (NUMBER STEPS), being the

desired position, velocity and approximate acceleration vectors at T
FINAL, will be output.

Interface Requirements. The input and otput variables are listed in Tables

4.5.1-I and 4.5.1-2, respectively. The interfaces with other principal

functions are contained in Appendix G.

Processin5 Requirements. None.

Constraints. If the precision prediction algorithm is not implemented as a

reentrant procedure, execution of the algorithm may not be interrupted by

calls from subsequent users. Users of the precision prediction algorithm

are required to initialize the input parameters DT_MAX, GMD_PRED, GMO PRED,

_INIT, V _INIT, T_INIT, and T_FINAL prior to the call, and are required to

off-load or snap the output parameters R _FINAL, V _FINAL, and G _FINAL

after execution is complete. The parameter DT_MAX must be greater than
zero.

The acceleration consisting of the central force term alone (required in

conic prediction cases) could be obtained by calling the function ACCEL with
the parameter GMD_PRED set equal to zero. The reason for the existence of

the special routine CENTRAL for conic prediction is that its use will opti-

mize the predictor for CPU (if the ACCEL function is implemented as a

reentrant procedure, additional CPU would be involved in a call to ACCEL in-

stead of a call to CENTRAL). This CPU optimization is a requirement
only in the conic prediction mode.

Supplementary Information. A suggested implementation in the form of a

detailed flow chart may be found in Appendix C.
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The following table is intended for general information concerning howto
set up the various flags for use of the predictor:

Type of prediction GMD PRED GMO PRED DT MAX

desired - - (see)

CONIC (Central gravity, only)

SIMPLIFIED (Central + J2 gravity,
only)

PRECISE (4x4 gravity plus drag)

0 0 4.

2 0 4.

4 4 4.
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4.5.2 Entry Site Lookup

This principal function provides the capability to retrieve specified infocma-

tion from an appropriate site location table and to perform necessary computa-
tions to obtain the site position vector(s) and/or associated transformation
matrix.

Section 4.5.2.1 describes the site lookup subfunction that retrieves all neces-

sary information related to a specified primary runway. Section 4.5.2.2 de-

scribes the site lookup subfunction that retrieves all necessary information re-

lated to a specified TACAN receiver (i.e., information is output as a function

of LRU number, as well as TACAN station ID). Section 4.5.2.3 describes the site

lookup subfunction which initializes runway/MSBLS parameters "for primary runway

and for secondary runway as well as initializing TACAN station parameters. The

input to and output from site lookup are given in Appendix G.

In all instances where I-LOAD data is input, default values (corresponding to an

AOA) may be overwritten during OPS-2 for OPS-3 usage to support the nominal

entry.

u
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4.5.2.1 Entry RunwaylMSBLS Site Lookup

The purpose of this subfunction is to retrieve information related to a

specified primary runway. For purposes of designation, there are three choices

of runways available referred to as the site lookup prime, site lookup second-

ary, and site lookup alternate. Any one of these may be identified as the prime

runway; however, the default designation will be site lookup prime. The site

lookup prime and site lookup secondary runway data shall include parameters for
the associated set of MSBLS sites if available. This information will not be

available for the site lookup alternate runway.

A. Detailed Requirements. Formulation: This subfunction will accept from key-

board support software an index (PRIME_RUNWAY_INDEX) which indicates which

of the three runway choices has been identified as the prime runway accord-

ing to the following table:

PRIME RUNWAY INDEX VALUE Runway Selected as Prime

I

2

3

Site lookup prime

Site lookup secondary

Site lookup alternate

D

The following parameters will be redefined for the designated selection:

RW NAME

Rw
AZI-MUTHRW
DELH MS_ ELLIPSOID RW

ANGLE CORR TNTOMAG-RW

RW NAME is a positive feedback indication to the HSD to indicate positioning

of the asterisk next to the runway azimuth representing the current selec-

tion of landing site. It has a value of I, 2, or 3 representing crew selec-

tion of site lookup prime, secondary, or alternate choices.

The earth-fixed position vector and earth-fixed to prime runway transforma-

tion matrix shall be computed:

R LS EF : GEODETIC TO EF (LAT, LON, ALTRW)

MEFTORW : EF_TO RUNWAY ([AT, LON, AZIMUTH_RW)

where LAT : geodetic latitude of the selected runway, and LON = geodetic
P

longitude of the selected runway.

4.5.2.1-1
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Then the position vector (originating at the origin of the EF coordinate
system) of the HAC center for both sides of the runway centerline will

be determined in earth-fixed coordinates:

R CC L PRI = R LS EF + M EFTORW T R HAC RW L

R CC R PRI : R LS EF + M_EFTORW T R_HAC RW R

Where _R _HAC-RW_L and R _HAC RW R are the position vectors (originating

at the origin of the RW coordinate system) of these two points in runway
coordinates (see section 4.9).

Finally, the magnitude of these two position vectors will be determined:

R CC LMAG...PRI = I R CC L PRI I

R cc R  _PRI = IR cc R PRII

If either the site lookup prime or site lookup secondary has been selected,

the following parameters associated with MSBLS sites will be redefined for

the designated selection:

MLS AVAIL

LAT MLS R AZ

LONG MLS R AZ
ALT [4LS R AZ

R AZ SCANNER BEARING

LAT MLSEL

LONG MLSEL

ALT MLSEL

EL SCANNER BEARING

BIAS MLSRANGE

BIAS AZMLS

BIAS ELMLS

X DM-EAZ RW

X EL RW

Y DMEAZ RW

If either the site lookup prime or site lookup secondary has been selected

and MSBLS sites are indicated as available, an earth-fixed position vector

and earth-fixed to scanner transformation matrix shall be computed for each

of the MSBLS range-azimuth and MSBLS elevation transmitter locations.

M_EFTORAD_R_AZ = EF TO SCANNER (LAT_MLSR_AZ, LONG_MLS_R_AZ,

R AZ SCANNER_BEARING)

,M_EFTORAD_EL = EF TO SCANNER (LATMLSEL, LONG_MLSEL, EL_SCANNER_BEARING)

_RMLSEF : GEODETIC_TO_EF (LAT_MLS_R_AZ, LONG_MLS_R_AZ,

ALT MLS R AZ)

Q

WP
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_R_AZmS_ .F: _R_Rma

_R_ELMLS_EF : GEODETICT0_EF (LATMLSEL, LONG_MLSEL, ALTMLSEL)

Interface Requirements. The input and output parameters are shown in Tables
4.5.2.1-I and 4.5.2.1-2.

Processin_ Requirements. The runway/MSBLS site lookup subfunction may not
interrupt navigation processing of MSBLS data.

Constraints. No error checking is performed. The primary runway selected

must be indicated by an integer from I to 3 and must be properly derived and
limited by software external to this subfunction.

Supplementary Information. A suggested implementation of these requirements
is illustrated in Appendix C, ENTRY RUNWAY SITE LOOKUP.
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4.5.2.2 Entry TACAN Site Lookup

The purpose of this subfunction is to retrieve information for a specified

NEW_STATION_ID and LRU number from the TACAN site location table and to compute

an earth-fixed position vector and an earth-fixed to topodetic transformation

matrix for the specified TACAN site and LRU number.

There will be a maximum of ten TACAN sites available for selection.

A. Detailed Requirements. Formulation: A search is performed to locate the

specified TACAN ID in the TACAN site location table. If the TACAN ID is not

found, the TACAN channel valid (TAC_CHAN_VALID) is turned OFF and the pres-

ent TACAN information is not updated; thus, the current TACAN is kept in

use. If the TACAN ID is found, the following tasks are performed:

I. The parameters listed in Table 4.5.2.2-2 are redefined for the new TACAN

from values supplied by the TACAN site location table.

2. The flag TAC_CHAN_VALIDLR U ID is turned ON.

3. An earth-fixed to topodetic transformation matrix is computed by the

following:

M-EFTOTD-TACAN-SLLRU ID : EF TO TOPDET (LAT_TACANSLLR U ID,

LONG_TACAN_3LLRU ID )

B. Interface Requirements. The input and output parameters are shown in Tables
4.5.2.2-I and 4.5.2.2-2, respectively.

C. Processin_ Requirements. Output parameters from this subfunction are

employed by a variety of users. Consequently, an invoking thereof is lim-
ited to the TACAN SOP.

m. Constraints. The TACAN SOP must invoke tnis subfunction only when no

interference with user routines is possible, and it is responsible for

checking validity of input data.

E. Supplementary Information. A suggested i_plementation of these requirements

is illustrated in Appendix C, ENTRY TACAN_SITE_LOOKUP. The outputs of this

section are needed as a consistent set by the users. Protection should

therefore be provided to insure that thes_ parameters are not updated while

a user is in the process of saving off th_se data.

TACAN site constants: the TACAN transmitters/receivers (T/R) provide a selec-

tion of 126 X-mode channels and 126 Y-mode channels; the TACAN control head per-

mits the crew to manually select any one of these 252 T/R frequency par_s. How-

ever, a selection is of no value to the onboard software unless the ground sta-
tion location for the tuned channel is available to the software. Consequently,

a table of limited size is provided to supply this information for as many as ten

unique channels/modes. Any one of the channels/modes can be premission-assigned

4.5.2.2-I
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to several ground stations. To avoid ambiguous selection from the TACAN site

table, a channel/mode must appear only once in the TACAN table. (Software reso-

lution of an ambiguity could be formulated but should be avoided unless it is

shown that unique channels cannot feasibly be selected).

J
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4.5.2.3 Entry Site Lookup Initialization

MSC will invoke the site lookup initialization subfunetion after transition to

OPS-3 at such a time that initialization of parameters is completed before first

execution of any user of those parameters.

A. Detailed Requirements. Initialization of runway/MSBLS parameters for the

primary runway will be accomplished by setting the PRIME RUNWAY_INDEX to a

value of I and invoking the runway/MSBLS site lookup subfunction. Initial

values for the earth-fixed to runway transformation matrix and the earth-

fixed position vector of the secondary runway will be computed:

M_EFTORW_SEC = EF TO RUNWAY (RWLATSSL, RW_LONSSL, RW AZIMUTH_SSL)

R LS EF SEC : GEODETIC TO EF (RW_LAT_SSL, RW_LON_SSL, RUNWAY_ALTSSL)

The barometric altimeter variances terms and the maximum relative velocity

magnitude for barometric altimeter data processing shall be computed based

on the availability of MSBLS data at the prime runway. If MSBLS data is

available (MLS_AVAIL = ON) then the computation is:

VAR HI : VAR HI NOM

VAR H2 = VAR H2 NOM

Rv_ AX= RV_MAX_ OM,

otherwise (MLS_AVAIL : OFF) the computation is:

VAR HI : VAR HI CONT
VAR-H2 : VAR-H2-CONT

RV MAX = RV MAX CONT.

Next the position vector (originating at the origin of the EF coordinate

system) of the HAC center for both sides of' the secondary runway centerline
will be determined in EF coordinates:

R CC L SEC = R LS EF SEC + M EFTORW SEC T R HAC RW L

R CC R SEC = R LS EF SEC + M EFTORW SEC T R HAC RW R

Where R HAC RW L and R HAC RW R are the position vectors (originating

at the origin of the RW coordinate system) of these two points in runway

coordinates and are considered to be I-load parameters (see Section 4.9).

Then the magnitude of these latter two position vectors will be determined:

s cc LMAQ_sEc: JR CC,. sEcl

S CCR ,a_SEC: Is CCS sEcl

Finally the azimuth of the secondary runway and its associated true north

to magnetic north correction will be defined:

4.5.2.3-I
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AZIMUTH RW SEC = RW_AZIMUTH SSL

ANGLE CORR TNTOMAG RW SEC = RW MAG VAR SSL
.... w w D

Initialization of TACAN station parameters will be accomplished as follows:

For each entry in the input table of TACAN data, i.e., for I = I, NUM_TACANS

the earth-fixed position vector (R TAC EF) and the geodetic radius at

the site (RD_TAC) will be computed as: -

_TAC_EF I = GEODETIC TO EF (LATITUDE_GEODETICI, LONGITUDE EAST I,

ALTABOVEELLIPSOID I)

and

A

RD_TAC I = - + MSL_ABOVE_ELLIPSOID I
B

where

A = (I - ELLIPT) 2 EARTH_RADIUS_EQUATOR

B = (I + SIN 2 (LATITUDE_GEODETIC I) ELLIPT (ELLIPT - 2))I/2 F9

Interface Requirements. The input and output parameters are shown on
Tables 4.5.2.3-I and 4.5.2.3-2.

Processin_ Requirements. All necessary initialization will be complete

before execution of any user of site-lookup data.

Constraints. None

Supplemental Information. A suggested implementation of these requirements

is illustrated in Appendix C, in the flowcharts ENTRY_RUNWAY_SITELOOKUP_
INIT and ENTRY TACAN SITE LOOKUP INIT.

P

o_

F9 This equation shall be protected against return value of sine or cosine

with magnitudes greater than unity (Reference 3.6.9)
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4.5.3 Entry Auto TACAN Selection

This principal function will perform the task of selecting the preferred TACAN

station to which all TACAN receivers in the automatic mode of operation will be

tuned by the TACAN SOP. The criteria for selecting the preferred TACAN station

will depend upon the vehicle's estimated range from the primary runway thresh-

old. In addition, the auto TACAN selection function will respond positively to

requests from TACAN RM for an alternate preferred TACAN station, and will signal

TACAN RM whenever the channel/mode identifier of the preferred TACAN station has

been changed. The interfaces between this and other principal functions are
shown in Appendix G.

A. Detailed Requirements. Determination of the preferred TACAN station will be

performed as follows:

I • The flag indicating to TACAN RM that the value of AUTO_CHANNELID, the

channel/mode identifier for the preferred TACAN station, has been

changed will be set to the OFF position at the start of each auto TACAN
selection cycle:

AUTO ID CHANGED : OFF

o The estimated range of the vehicle from the primary runway threshold
will be calculated:

• If the range of the vehicle from the runway threshold is greater than a

premission-determined value (R GO LS > OUTER RADIUS), the vehicle is

said to be in the "outer" or "early acquisition" TACAN region• While

the vehicle is in the early acquisition TACAN region, the value of the

preferred or selected TACAN station ID will not be changed unless TACAN

RM has requested a change by setting the flag ID_CHANGE_REQUEST to the

ON position. If TACAN RM has requested a change, the value of AUTO_
CHANNEL ID will be reset as follows:

Old Value New Value

TAC_ID I TAC_ID 2

TAC_ID 2 TAC_ID 3

TAC_ID 3 TAC_ID I

The change request flag will be turned off and a flag signaling the pre-

ferred station ID change will be set:

ID_CHANGE_REQUEST : OFF

AUTO ID CHANGED = ON

4.5.3-I
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.

If the range of the vehicle from the runway threshold is less than a
premission-determined value (R GO LS < INNER RADIUS), the vehicle is

said to be in the "inner" or "landing site" TACAN region. The value of

the preferred TACAN station ID will be set as follows:

If AUT0_CHANNEL_ID _ TAC IDI0 , then

AUTO_CHANNEL_ID : TAC IDIo

AUTO ID CHANGED : ON

During the landing site TACAN region, the ID_CHANGE_REQUEST flag will be
ignored.

. During the middle TACAN region (INNER RADIUS < R GO LS < OUTER RADIUS),

the range of the vehicle in earth-fixed coordinates from each of six
designated TACAN stations will be calculated. The channel/mode

identifiers ID_TACAN_AUTO for the two TACAN stations closest to the ve-

hicle will be determined and saved for use in the next cycle under the

designation OLD ID. The output value of AUTO CHANNEL ID will be derived
according to Table 4.5.3-I. If the value of AUTO CHANNEL ID is differ-

ent from its previous value, the flag AUTO ID CHANGED wil_ be set to the
ON position.

Interface Requirements. The AUTO TACAN SELECTION input and output parame-
ters are listed in Tables 4.5.3-2-and 475.3-3.

Processin_ Requirements. MSC will initiate cyclic execution of the Entry

auto TACAN selection principal function at _ premission-determined rate upon

transition to Major Mode 304. Prior to initiating execution of this princi-

pal function, the following parameter initialization is required:

AUTO_CHANNEL_ID : TAC_ID I

AUTO ID CHANGED : ON

Constraints. The design of the AUTO TACAN SELECTION algorithm imposes the
following constraints upon the structure and composition of the TACAN site

location data tables:

I. The first three entries (indices) in th_ TACAN site location data tables

will be reserved for the early acquislt[on TACAN stations.

2. The last (tenth) entry will be reserved for the TACAN station associated

with or closest to the landing site.

. The ninth entry will be reserved for a contingency TACAN station which

could be employed in the manual mode of TACAN selection as a backup or

alternate for landing site TACAN station. During automatic TACAN selec-

tion, this TACAN station will be included in the middle region.

4.5.3-2
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The remaining flve entries will be reserved for the middle region TACAN
stations.

Supplemental Information. A suggested implementation of this function is

illustrated by the flow charts ENTRY AUTO TACAN._SELECTION and ENTRY AUTO
TACAN_SELECTION_INIT in Appendix C. - - - -
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4.6 USER PARAMETER PROCESSING PRINCIPAL FUNCTIONS

The purpose of the user parameter processing principal functions is to maintain

an estimate of the vehicle state (position and velocity) and to derive from that

state various related parameters required by systems such as guidance, displays,

flight control, targeting, payloads, and navigation.

Within each user parameter processing principal function, the state is main-

tained by the user parameter state propagation subfunction. This subfunction

utilizes a simple, fast-acting, single-step integrator to rapidly advance the

user parameter state. The propagation interval is smaller than that used by the

navigation principal functions, thus avoiding the need to wait for the next ex-

ternal sensor measurement processing to occur. At the end of each navigation

propagation and external sensor measurement incorporation step, the navigation

state is passed to the user parameter propagator, which then resets itself to

that state. The value of the gravitational acceleration vector calculated by

the navigation state propagator is used as a constant by the user parameter

propagator between resets. Sensed changes in velocity are rapidly incorporated

in the user parameter state at each integration step. In this way, the user pa-

rameter state propagation function maintains an accurate current state between

navigation filter state computations.

The user parameters that are derived from the user parameter state typically

provide expressions of the vehicle state in frames of reference dictated by the

user; for example, (a) positions expressed in non-Cartesian frames related to

landmarks, radar beacons, or selected way points for easy crew interpretation

and (b) aerodynamic parameters derived from the state through the use of envi-

ronmental models for guidance, displays, and flight control.

The systems that require user parameters vary as a function of mission phase,

major mode, and event cues, all of which are recognized by the user parameter
processing sequencer. The rates at which user parameters must be calculated

also vary according to these criteria. This forces the user parameter state

propagation subfunction to be performed at a rate supportive of the user parame-

ter having the highest rate requirement during any particular user parameter
phase.

The user parameter processing principal functions that perform the computations

of the user parameters correspond to the major entry operations mission phases:

entry, TAEM, and autoland. The detailed requirements for these phase-related

principal functions are provided in their individual subsections.

Because the user parameter propagator supports all phases, the rate requirements

of these phase-related user parameter processirg principal functions implicitly

place scheduling the rate requirements upon the user parameter state propagation

subfunction. These scheduling and rate requirements are defined in Section

4.1.2, Deorbit/Landing User Parameter Processing Sequencer Principal Function.

4.6-I
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4.6.1 Entry User Parameter Processin_ (4.23)

This principal function will serve as the interface between navigation and users

of navigation-related data during Major Modes 301 through 304. This function

will maintain the vehicle state within the user parameter state propagation
subfunction and shall:

I. Provide this state to users who require vehicle state parameters in

mean-of-fifty (M50) coordinates and

2. Provide the software to transform this state for users who require nay

state related parameters.

This function is controlled by the deorbit/landing user parameter sequencer and

is composed of the following five subfunctions:

A. User parameter state propagation (Section 4.6.1.1).

0

C. Guidance and display way point computations (Section 4.6.1.3).

D. TACAN display computations (Section 4.6.1.4).

E. Earth-fixed coordinate system computations (Section 4.6.1.5).

The input and output lists for this principal function may be found in Appendix

G, and summarized in Table 4.6 .I.

Im 9
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4.6.1.1 User Parameter State Propagation

This subfunction shall provide state vector information to users such as guid-

ance and displays during the entry phase.

A. Detailed Requirements. The detailed requirements for this subfunction are
contained in Section 4.4.1.

B. Interface Requirements. The input and output required are listed in Tables

4.6.1.1-I and 4.6.1.1-2, respectively.

C. Processin_ Requirements. None.

D. Contraints. None.

E. Supplementary Information. A suggested implementation in the form of a
detailed flow chart is to be found in Appendix F. USER_PARAMPROPAGATOR.

m
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4.6.1.2 Basic Guidance-Related Computations (H_HDOT_ACCVERT and GUIDECOMP)

These subfunctions will provide the required software to transform the user pa-

rameter state into nay related parameters during the Entry major mode.

A. Detailed Requirements. The detailed requirements for these subfunctions
are provided in Section 4.4.2.

B. Interface Requirements. The input and output requirements for the entry
guidance parameters are listed in Tables 4.6.1.2-I and 4.6.1.2-2.

C, Processing Requirements. The performance of these subfunctions is under the

control of the deorbit/landing user parameter processing sequencer principal
function.

m. Constraints. The flags VNT DR SEQ_INIT, LD GR HYDR and TG END must be

initialized to OFF and the flags TEST VNT DR and TEST LD GR to ON. The pa-

rameters ACC VERT_OLD, DELTA ACC VERT and H DOT LAST must be initialized to

zero; TSTATE_LAST, T STATE OLD and T STATE-PREV must be _nitialized to an

extremely large negative number; DELTA T mutt be initialized to a non-zero

value; N_SEQ_RA must be initialized to one; V _I_J_PREV to (0, 0, 0); _MU

SFC_PREV to (I, I, I) and ALT and ALT WHEELS must be initialized to the

anticipated altitude at the beginning of Major Mode 304 (approximately 600

000 feet). Execution of the subfunction H_HDOTACCVERT must preceed execu-
tion of the subfunction GUIDECOMP.

E. Supplementary Information. A suggested implementation of the H_HDOT ACCVERT
and GUIDECOMP subfunctions are in the form of detailed flow charts in Appen-

dix F. The parameters A_0 and FLATCON, although appearing here as inline

code, may be derived from the earth ellipticity constant, ELLIPT, and

implemented as pad loaded constants.

Q
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4.6.1.3 Guidance and Displays Way Point Computations

This subsection documents the detailed requirements necessary to compute the

targeting-related navigation parameters required by return-sequence graphical

CRT-display pages and by guidance during the entry phase of Shuttle flight.

Ao Detailed Requirements. Two subfunctions are required to perform this task.

The ENTRY MID TARGET subfunction shall first compute the parameter P which
indicates-the-position of the Shuttle relative to the centerline of the

runway

P = SIGN(POSITION_WRTRW2)

Next, it will call the ENT_RNG_BEAR subfunction with input parameters

corresponding to the crew selected primary runway: R LS EF, M_EFTORW, AZI-

MUTH_RW, P. This results in the computation of range to the primary runway

threshold (RNG TO RW THRESH), and heading error with respect to the primary

runway heading alignment circle tangent point (DELAZ). Next, the flag, MID

TARGET, will be tested and if MID_TARGET = ON, then the Y-component of the

Shuttle position vector with respect to the secondary runway will be

computed:

Y_VEH RW SEC = MEFTORW2,1to3 • (R EF - R LS EF SEC)

Subsequently, a parameter P SEC indicative of the position of the Shuttle

with respect to the secondary runway centerline is determined:

P_SEC = SIGN(YVEH RW SEC)

Then, the subfunction ENTRNG_BEAR will he called a second time with inputs

corresponding to the secondary runway: F LS EF SEC, M_EFTORW SEC,

AZIMUTH RW SEC, P_SEC. This results in the computation of the-following

parameters with respect to the secondary runway: RNG TO RW THRESH_SEC,

and DELAZ_SEC. The parameters RNG TO RW THRESH and DELAZ will then be
redefined as follows:

RNG TO RW THRESH : 0.5 (RNG TO R_ THRESH + RNG TO RW THRESH SEC)

DELAZ : 0.5 (DELAZ + DELAZ_SEC)

The relative velocity magnitude is then tested and, if REL VEL MAG <

VEL_TGTSWITCH, set MID_TARGET to OFF. If the flag MID_TARGET-has the

value OFF, calculations with respect to the secondary runway are bypassed

and the parameters RANGE TO RW THRESH and DELAZ correspond only to the

primary runway. The value of the flag MID TARGET will be copied for
m

feedback purposes:

MID_TARGET_RECD : MID_TARGET

The nav event lamp indicator flag is then set using the nay validity

indicator flag from the navigation princJ_pal functions.

4.6.1.3-I
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EVENTLAMP_FIVE: NAVEL_FLAG

The ENTRNGBEARsubfunction shall accept as inputs the following parameters:
R LS EF, M_EFTORW,AZIMUTHRW,P. Outputs shall be: RNGTORWTHRESH
and DELAZ. This subfunction will first select the y position of the
center of the nearest heading alignment circle in runwaycoordinates;
then, the position vector of the heading alignment circle center is transformed
from runwaycoordinates to earth-fixed coordinates:

R_HAC_RW2 : P RADIUSNEP

R CCEF : R LS EF+ M EFTORWT R HACRW

Next, the magnitude of the heading alignment circle position vector and
the sine of the earth-centered angle subtendedby the radius of the heading
alignment circle are computed:

R CC -IR ccEFI

SIN B : RADIUS NEP/R CC MAG

The vector, V NORM, normal to the great circle plane containing the Shuttle

and heading alignment circle center will be determined:

V NORM : R EF x R CC EF

Then, the bearing of this great circle plane with respect to true north at

the Shuttle position and at the circle center is calculated:

D

4

BEAR_VEH : ARCTAN2(V_NORM 3 R_VEH_MAG,

(VNORM I R_EF 2 - V_NORM 2 R_EFI))

BEAR_CC : ARCTAN2(VNORM 3 R CC M_G,

(V_NORM I R CC EF 2 - V_NORM 2 R CC EFI) 1

If BEAR CC < O, then BEAR_CC : BEAR_CC + 2 PI. The cosine and sine of the

central-angle between the position of the Shuttle and the center of the

heading alignment circle are determined:

COS_THET_VEHCC = R _EF R CC EF/(R_VEHMAG R CC MAG)

SIN THET VEH CC : (I - COS THET VEH CC2) I/2

The cosine of the central angle between the Shuttle position and the tangent

point, Way Point I (WP-I), is then computed and the great circle surface
range from the Shuttle to WP-I is determined:

4.6. I .3-2
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COS THET VEH WPI : COS THET VEH CC + 0.5 SIN B SIN B COS THET VEH CC

DIST_VEH_WPI : ARCCOS(COS_THETVEH_WPI) R CC MAG

Next, the sine of the bearing correction angle and the bearing from the
Shuttle to WP-I are determined:

SIN BEAR CORR : SIN B/SIN THET VEH CC

BEAR VEH WPI : BEAR VEH - P ARCSIN(SIN BEAR CORR)

The arc length around the heading alignment circle from WP-I to the normal

entry point will be determined:

A2 : ARCCOS(COS_THET_VEH_WP1 SIN_BEAR_CORR)

A3 = 0.5 PI - A2 + P (AZIMUTH_RW - BEAR_CC)

If A3 < A3_TOL, A3 = A3 + 2 PI

D ARC = A3 RADIUS NEP

Next, the surface range from the Shuttle to the target point on the primary

runway is computed via Way Point I and converted for output:

RNG TO RW THRESH : (DIST_VEH_WPI ÷ D_ARC - X_NEP) NAUTMI_PER_FT

Another vector, V _NORM, which is normal to the plane containing the

Shuttle position vector and relative velocity is calculated:

V NORM : R EF x V RHO EF

Finally, the heading angle of the relative velocity vector and the azimuth

error (heading minus bearing to Way Point I) are determined:

PSI = ARCTAN2(V_NORM 3 RVEHMAG, (V_NORM I R_EF 2 - V_NORM 2 R_EFI)]

DELAZ = PSI - BEAR VEH WPI

If IDELAZI > PI, DELAZ : DELAZ - 2 PI SIGN(DELAZ)

Interface Requirements. The input and output requirements for the guidance

and displays way point computations are listed in Tables 4.6.1.3-I and

4.6.1.3-2, respectively.

Processin_ Requirements. The X and Z components of the heading alignment

circle position vector, R _HACRW, are defined as part of the premission

load acc9rding to R HAC RW I = X_NEP and R_HACRW 3 = O. The performance
of this subfunction-and-its cyclic repetition rate are under the control

of the deorbit/landing user parameter processing sequencer, as described

in Section 4.1.2.

4.6.1.3-3
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Constraints. None.

Supplementary Information. A suggested implementation of the guidance

and displays way point computation subfunctions may be found in Appendix
F, subfunctions ENT RNG BEAR and ENTRY MID TARGET.

4.6. I .3-4



.,

OD

I
H

#
H
O
Od

H

Z

I

"7

,-3

e_

@

G
O

O
@

_u

G 0
H

0
r_
m

r_
0

",4

O

$

O O O O O O O O _ O r0

&l ®® ®® ®® _® ® ®® ®®

O

O

.-,= _ ,-, ,.. .,.,,., _'_

c01 _1 _ I

r"31 [_ I

_ =1 _l _1 _i _ _ I

I

O •

O 8

O
4o

H

e_

I I_, I_1

O _ _ _ _,_ _oo_• ® 0 _ ,,_ _,_

i.., 0 0 _ .ia I'll

•--_40 _ _ _ 0

_ o_ o_ _ _ _o _
_ =o , ? _ ®_ _,
0 0 _ 0

':" #.i1 !o o_

r_

4_

:3
o,

0

C,)

§

,-I

.,,-I
O

II

4.6.1.3-5



.I

r..
oD

IP

,,-4

0

r.)

!

'T

_)

f_
,-I
a:i

,,.q

0

0

D,,

,,_ ¢)

,-I
0

.j

0
*M

¢)

fJ _ fJ fJ 0

-,=i_. o=
I_ IX,

f.. _, f.,

I_ ¢Y O'

f3

I_ r_

• • = . _ • _, _
l_ n- ,,I_I-.I

I / _ .,-I r..

.... _ _ _" o_

o_ _ _ ®_ = _.
_o_ ._._ _ ®'_ _ ®

I_1 0

N

e_

irl

0

0

i

4.6.1.3-6



4"

m'

6,

°°
_D

O0

Z
0

8

Z
H

Q

m

1-4

_4

g

O

I

I
m

_D

,-1

O

e_
O

P,4
O

O

_u
,,-4

O

0 0 0 0

¢_,=I

k_

I

III 111 el II

,-1

olin _ F.,I

:>
•_ 0 .._
a._ 0
oO
,-_ I=0 0 ,'1

o
0 _ I

_ ® o

0

0

"0
r"

r-t

",'t

O

O

O
e_

"¢'1

r'

4.6.1.3-7



w

78FM56

4.6.1.4 TACAN Display Computations

This subfunetion provides TACAN data for the Horizontal Situation Display

(HSD) during the ENTRY and TAEM flight phases.

A. Detailed Requirements. The detailed requirements for this subfunction
are contained in Section 4.4.4.

B. Interface Requirements. The inputs and outputs required are listed in

Tables 4.6.1.4-I and 4.6.1.4-2, respectively.

C. Processing Requirement s. None.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of a

detailed flow chart is given in Appendix F, TACAN_DISPCOMPS.
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4.6.1.5 Earth-Fixed Coordinate System Computations (EARTHFIXED_COMPS)

This subfunction will provide position and velocity vector coordinate system

transformations for deorbit and entry.

A. Detailed Requirements. The following operations must be performed by the

earth-fixed coordinate system computations subfunction from _4 301 until
transition to _4 302.

Earth-fixed position and relative velocity of the Shuttle will be determined
as follows:

A matrix to transform M50 to earth-fixed coordinates at the time of the cur-

rent vehicle state vector (R _AVGG) will be generated.

M_TEMP_TXPOS : EARTH_FIXED TO M50_COORD(T STATE) T

The earth-fixed position of the Shuttle and the Shuttle relative velocity in

earth-fixed coordinates are then computed and current time is copied:

R EF = M TEMP TXPOS R AVGG

V RHO EF = M TEMP TXPOS V RHO

T SEC GMT = T STATE

B. Interface Requirements. The input and output requirements are listed in
Tables 4.6.1.5-I and 4.6.1.5-2.

C. Processin5 Requirements. The performance of this subfunction is under the

control of the deorbit/landing user parameter processing sequencer principal
function.

D. Constraints. None.

E. Supplementary Information. Reference should be made to Tables 4.6.1.5-I and

4.6.1.5-2 for definition and source of the variables in the equations

displayed.

A suggested implementation of the earth-flxed coordinate system computations

subfunction is in the form of a detailed flow chart in Appendix F, EARTH
FIXED COMPS.
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4.6.2 TAEM User Parameter Processing (4.24)

This principal function will serve as the interface between navigation and users

of navigation-related data during the TAEM major mode. This function will main-

tain the vehicle state within the user parameter state propagation subfunction
and shall:

I. Provide this state to users who require vehicle state parameters in mean-
of-fifty (M50) coordinates and

2. Provide the software to transform this state for users who require nay state
related parameters.

This function is controlled by the deorbit/landing user parameter sequencer and
is composed of the following three subfunctions

a. User parameter state propagation (Section 4.6.2.1)

b. Basic guidance-related computations (Section 4.6.2.2)

c. TACAN display computations (Section 4.6.2.3)

The input and output lists for this principal function may be found in Appendix
G, and summarized in Table 4.6.2.

4.6.2-I
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4.6.2.1 User Parameter State Propagation

This subfunction will provide state vector information to users such as guidance

and displays during the TAEM phase.

A. Detailed Requirements. The detailed requirements for this subfunction are
contained in Section 4.4.1.

B. Interface Requirements. The input and output required are listed in Tables
4.6.2.1-I and 4.6.2.1-2.

C. ProcessingRequirements. None.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of a

detailed flow chart is to be found in Appendix F, USER_PARAM_PROPAGATOR.
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4.6.2.2 Basic Guidance-Related Computations (H_HDOT_ACCVERT and GUIDECOMP)

These subfunctions will provide the required software to transform the user pa-

rameter state into the related parameters required by users of navigation-

derived data during the TAEM guidance phase.

A. Detailed Requirements. It is required to calculate the parameters detailed

in Section 4.4.2 during the TAEM guidance phase.

B. Interface Requirements. The input and output requirements for the TAEM

guidance parameters are listed in Tables 4.6.2.2-I and 4.6.2.2-2.

C. Processin_ Requirements. The performance and cyclic repetition rates of
these subfunctions wlll be under the control of the deorbit/landing user pa-

rameter processing sequencer (Section 4.1.2).

D. Constraints. The parameter RAW RA PROC must be initialized to OFF.

E. Supplementary Information. All assumptions and explanations applicable to
this section are defined in Section 4.4.2.

Suggested implementations of the H HDOT_ACCVERT and GUIDECOMP subfunctlons
are in the form of detailed flow charts in Appendix F.

• 8.
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4.6.2.3 TACAN Display Computations

This subfunction provides TACAN data for the Horizontal Situation Display (HSD)

during the ENTRY and TAEM flight phases.

A. Detailed Requirements. The detailed requirements for this subfunction are
contained in Section 4.4.4.

B. Interface Requirements. The inputs and outputs required are listed in

Tables 4.6.2.3-I and 4.6.2.3-2 respectively.

C. Processing Requirements. None.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of a

detailed flow chart is given in Appendix F, TACAN_DISP_COMPS.
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4.6.3 Autoland User Parameter Processlng (4.25)

This principal function will serve as the interface between navigation and users

of navigation-related data during the approach/landing major mode. This Func-
tion will maintain the vehicle state within the user parameter state propagation

subfunction and shall:

I. Provide this state to users who require vehicle state parameters in mean-

of-fifty (MS0) coordinates and

2. Provide the software to transform this state for users who require nay state

related parameters.

This function is controlled by the deorbit/landinE user parameter sequencer and

is composed of the following three subfunctions:

a. User parameter state propagation (Section 4.6.3.1)

b. Basic guidance-related computations (Section 4.6.3.2)

e. TACAN d_snl_v _,,*_*_^-- '_ .... 4.6.3.3)

The input and output lists for this principal function may be found in Appendix

G, and summarized in Table 4.6.2.

4.6.3-I
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4.6.3.1 User Parameter State Propagation

This subfunction will provide state vector information to users such as guidance

and displays during the au_oland phase.

A. Detailed Requirements. The detailed requirements for this subfunction are
contained in Section 4.4.1.

B. Interface Requirements. The input and output required are listed in Tables

4.6.3.1-I and 4.6.3.1-2, respectively.

C. Processin _ Requirements. None.

D. Constraints. None.

m. Supplementary Information. A suggested implementation in the form of a

detailed flow chart is to be found in Appendix F, USER_PARAM_PROPAGATOR.
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4.6.3.2 Basic Guidance-Related Computations (GUIDECOMP)

This subfunction will provide the required software to transform the user param-

eter state into related parameters required by users of navigation-derived data
during the Autoland guidance phase.

A. Detailed Requirements. It is required to calculate the parameters in

the Guidecomp subfunction detailed in Section 4.4.2 during the Autoland
guidance phase.

B. Interface Requirements. The input and output requirements for the Autoland

and rollout guidance parameters are listed in Tables 4.6.3.2-I and 4.6.3.2-
2.

C. Processing Requirements. This subfunction will be performed at the repeti-

tion rate specified by the deorbit/landing user parameter processing
sequencer (Section 4.1.2).

D. Constraints. The parameter, N_SEQ_RA, must be initialized to a value of
_n_ _

E. Supplementary Information. All assumptions and explanations applicable to

this section are defined in Section 4.4.2.

A suggested implementation of the GUIDECOMP subfunction in the form of a

detailed flow chart is shown in Appendix F.
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4.6.3.3 TACAN Display Computations

This subfunction provides TACAN data for the Horizontal Situation Display

(HSD) during the ENTRY and TAEM flight phases.

A. Detailed Requirements. The detailed requirements for this subfunction
are contained in Section 4.4.4.

B. Interface Requirements. The inputs and outputs required are listed in

Tables 4.6.3.3-I and 4.6.3.3-2, respectively.

C. Processing Requirements. None.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of

a detailed flow chart is given in Appendix F, TACAN_DISP_COMPS.

9
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4.7 ENTRY AREA NAVIGATION PRINCIPAL FUNCTION (4.220)

The area navigation principal function supports the horizontal situation indica-

tors (HSI), which are dedicated display devices located in the Shuttle cockpit

that provide visual outputs of certain navigation and guidance parameters for the

crew. A separate HSI, together with its associated moding and selector switches,

will be provided for both the commander and the pilot; the commander's panel and

a larger view of an HSI are shown in figures 4.7-I and 4.7-2 (for reference only).

The parameters to be displayed - fundamentally, directions, distances, and nominal

course and glide path deviations to defined way points - have been chosen to per-

mit the crew to adequately monitor and assess the automatic mode of GN&C on the

basis of sources of data and computational software independent of that being

employed in the automatic mode. Additonally, the choice of parameters provides

the minimum necessary G&N information from this independent display to allow the

crew to control the vehicle manually by using the HSI as a flight director. Any

of three sets of display parameters will be provided for (entry, TAEM, or auto-
land) and selected for either HSI by its associated three-position mode switch

together with certain auto switching logic. Other selector switches will provide

for selection of data types used in navigationally related computations (e.g.,

TACAN/BARO MSBLS or NAV STATE) _n_ _n_ _1_n _ _ qpo_ _,_ _- +_o

case of redundant navigation sensors.* The three-position switches are shown in

figure 4.7-I for the commander's HSI. The source selection will be independent

of whatever source is currently being used in the automatic navigation; the

string selection will precede and be independent of the redundancy management

function (except in the case of the barometric altitude); and finally, the com-

mander's and pilot's HSI switches will function appropriately for their HSI and

cause computations and displays independent of each other. The display mode

will be determined based upon either manual or automatic switching logic. If

the three position mode switch is set to the entry position, then the display

mode is automatically switched from entry to TAEM, based upon major mode, and

from TAEM to autoland, based upon altitude above the runway. For the TAEM or

approach switch settings, the display mode selection is manual and the TAEM or

autoland display computations, respectively, _ill be performed.

The intent of the requirements for the HSI displays is to provide information

derived primarily from raw navigation sensor 6ata (for its navigation parameters)

and to transform that derived navigation stat_ into guidance related target
parameters. The source selection, however, will permit use of the current

navigation state vector. Generally, the targeting to waypoints is consis-

tent with the current guidance targeting parameters. Certain status flags

will be displayed on the HSI to indicate cues regarding validity of selected

source/string data: these include an ON/OFF flag, range flags, a bearing flag,

course deviation flag, and glideslope deviation flag. The status setting of

the flags will provide some means of rapid, real-time diagnosis of problems

by the crew and will normally permit a crewman to select a good input source

*The barometric altitude used with the TACAN data will come from the redundancy

management selection filter and, therefore will be unaffected by string selec-
tion.
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to drive the HSI. (That, incidentally, maypermit isolation of bad sources,
which he mayinhibit for the automatic GN&Cprocessing.)

Throughthe interpretation of the displayed parameters on the HSI, the crew will
be provided an independent monitor of certain GN&C parameters critical to a safe

arrival near the touchdown zone and through rollout. The HSI, together with

other dedicated displays, will provide the primary backup to guidance and naviga-

tion as well as a flight director function for horizontal and vertical guidance

for a similar safe arrival by manual control up to a region in which transition

from the steep glideslope to a shallow glide is required. Thereafter, the
glideslope deviation is not computed because its use as an altitude director in

a manual landing is questionable (radar altimeter altitude being preferable).

The horizontal flight direction will be validly applicable throughout rollout.

The UPP sequencer principal functions will schedule the area navigation princi-

pal function to be performed during the appropriate phases of Shuttle flight at

a repetition rate commensurate with the HSI processing principal function.

Interface parameters between this principal function and other GN&C principal

functions are shown in the interface signal table, appendix G.

A. Detailed Requirements. HSI computations will be based upon inputs from

either the tactical air navigation (TACAN) system with the air data system

(ADS), the microwave scanning beam landing system (MSBLS), or the navigated

state from a general-purpose computer (GPC). An HSI, with its associated

switches, will be located at each side of the cockpit. Since each may be

operated independently, computations will be executed independently for the

left and right HSI. Cockpit switches will permit crew selection of data

sources and will provide for either automatic or manual control over the dis-

play modes. A cockpit switch setting will determine which of three data

sources is to be used for the computation of the HSI parameters. These data

sources are (I) TACAN (range and azimuth), together with ADS (barometric

altitude); (2) MSBLS (range, azimuth, and elevation); and (3) navigation so-

lution of Shuttle's position and attitude.

Since the TACAN and MSBLS NAVAID sources are multiredundant, another cock-

pit switch will be used to select which of three subsources is to be used
(i.e., there will be three TACAN's to choose from or three MSBLS trans-

ceivers to choose from). However, only one source for the navigated state

will be used. When the source selection switch is set to the NAV position,

the receiver selection switch will have no function, since the single source

driving the HSI will be the user parameter state vector. Regardless of

which data source is selected, the HSI parameter computation module will

first transform the data to the coordinate system of the primary runway.

A third cockpit switch, together with major mode flags and altitude above

the runway, will determine the display mode (ENTRY, TAEM, or A/L). The

parameters computed for display will vary with the display mode selected.
The parameters computed and the logic for determining the display mode
are described in more detail below.

p
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The HSI display and area navigation computation function will computeand
output seven dynamicparameters for display on the HSI: primary bearing

(PRI BEAR), primary range (PRI_RANGE), secondary bearing (SEC BEAR), sec-

ondary range (SEC RANGE), course deviation (CDI), glideslope deviation

(GSI), and the headlng angle (HEADING). The definitions of these parame-

ters vary according to the display mode as indicated briefly in table 4.7-I.

Their geometry is shown in figures 4.7-3 and 4.7-4.

W

v

Q
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In the ENTRYdisplay mode, these parameters are defined as follows:

PRI BEAR Spherical angle in degrees (measuredpositive eastward) be-
tween magnetic north and the great circle direction to Way
Point I* (WP-I) for the selected HACat the primary landing
runway.

PRI RANGE Great circle surface distance in nautical miles from the
Shuttle to WayPoint 2* (WP-2)on the primary landing runway
via the selected HACWP-I. This distance includes the dis-
tance from the Shuttle to WP-I, the arc length around the
normal entry heading alignment circle (HAC)from WP-I to the
normal entry point (NEP), and the distance from the NEPto
WP-2.

SECBEAR Sameas PRI_BEARexcept for secondary landing runway.

SECRANGE Sameas PRI_RANGEexcept for secondary landing runway.

GSI Not computedfor entry mode. Validity indicator set OFF
(invalid ).

CDI Valid zero

HEADING Headingof the earth-relative velocity vector with respect
to magnetic north.

In the TAEMdisplay mode, these parameters are defined as follows:

PRI BEAR Angle in degrees (measuredpositive eastward) betweenthe
direction to magnetic north and the direction to WP-I* on
the selected HACas viewed from the Shuttle.

PRI RANGE Horizontal distance from the Shuttle to WP-2*via WP-I on
the selected HAC(see figure 4.7-3). This distance includes
the distance from the Shuttle to WP-I, the arc length around
the selected HACfrom WP-I to the EPand the distance from
the EP to WP-2.

SECBEAR Bearing to center of selected HACat primary landing runway.

SECRANGE Horizontal distance to center of selected HACat primary
runway.

*WayPoint I (WP-I) is defined as the tangential target point on the HAC. Way
Point 2 (WP-2)is defined as the intersection with the runway centerline
of the shallow glideslope. The runwayX-componentof WP-2is a premisslon-
determined value that nominally is expected to be on the order of 1500feet.

4.7-4
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CDI

GSI

The deviation in degrees (measured positive to the pilot's

left on approach to the runway) of the Shuttle from the

extended runway centerline. (The apex of this angle is

located on the runway centerline directly opposite the MSBLS

AZ/DME antenna.) The CDI display full scale is 10 degrees.

The vertical deviation in feet of the Shuttle from the guid-

ance reference altitude (positive when Shuttle is above

glide path). The GSI display full scale deflection is 5000
feet.

HEADING Heading of the body X-axis with respect to magnetic north.

In the A/L display mode, the parameters are defined as follows:

PRI BEAR Angle in degrees (measured positive eastward) between the

direction to magnetic north and the direction to WP-2 as

viewed from the Shuttle.

PRI RANGE Horizontal distance from the Shuttle directly to WP-2.

SEC BEAR

SEC RANGE

CDI

GSI

Same as PRI BEAR.

Same as PRI RANGE.

Same as CDI in TAEM mode switch setting, with the exception

that full scale is 2.5 degrees.

Vertical deviation in feet of the Shuttle from the linear

segment reference altitude (positive when Shuttle is above

glide path). Not computed for altitudes less than a

prescribed value. The GSI display full scale deflection is
1000 feet.

HEADING Same as HEADING in TAEM mode switch setting.

Note: Scale factors in the HSI Processing principal function provide con-

version factors so that the least significant range digit corresponds to one

nautical mile for entry; therefore, AREA NAV provides a decimal point shift

for TAEM and A/L range values (by multiplying by TEN) so that the display's

least significant digit indicates tenths of a n. mi.

In addition to the seven dynamic parameters described above, the HSI display

and area navigation computation function will compute OFF-ON values for four

display validity indicator flags that are capable of being displayed on the

HSI. These four flags are the bearing flag (BRGFLAG), the course deviation

flag (CDI_FLAG), the glideslope flag (GSI_FLAG), and the heading flag (HDG
FLAG).

The meaning of the flags on the display varies according to flag grouping

and the setting of the source switch as described in detail below.
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The BRL_ and by± flags presented as OFt: Ii the source switch is set to

TACAN, either the TAC_N range or azimuth data (or both) have been labeled

invali_ 0y the TACAN SOP. If the source switch is set to MSBLS, either the

MSBLS range or azimuth data (or both) have been labeled invalid by the MSBLS
SOP.

Only the GSI flag presented as OFF: If the source swltch is set to TACAN,

the barometric altitude dat_ h_ve _,een ] ....'e_ ....,_ hy the air data RM

and a constant average altitude, or one derived from the navigation state,

is being substituted for barometric altitude to drive the HSI. If the

source switch is set to MSBLS, the MSBLS elevation data have been labeled

invalid by the MSBLS SOP and a constant elevation angle is being substituted.

Additionally, the GSI flag is OFF in the entry display mode and in the
A/L display mode below a certain design dependent altitude.

The BRG T CDI_ and GSI fla_s presented as OFF: This indicates to the crew
that the station location of the beacon to which the selected TACAN receiver

is tuned could not be found in the TACAN site table.

The HDG flag: This flag shall always indicate valid data (ON).

The detailed requirements for the HSI display and area navigation computa-

tion function may be described by breaking the function into the following
nine subfunctions:

HSISEQUENCER

NAV STATE TO RW

TAC BARO TO RW

TAC BARO TO TOPODETIC

MSBLS TO RW

ENTRY HSI COMP

TAEM HSI COMP

LAND HSI COMP

RANGE BEAR TO HAC ENTRY

The sequencing subfunction (HSI_SEQUENCER) will cycle through twice to per-

form the HSI computation function for both the left HSI and the right HSI.

If the cycle is for the left HSI, the source, mode, and receiver switch

settings for the left HSI will be obtained from the GN&C switch processor

principal function and renamed for subsequent processing:

o
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SOURCE = SOURCE LEFT

MODE : MODE LEFT

RCVR = RCVR LEFT

If the cycle is for the right HSI:

SOURCE : SOURCE RIGHT

MODE : MODE RIGHT

RCVR = RCVR RIGHT

The data validity flags shall then be initialized to ON:

BRG FLAG = ON

GSI FLAG = ON

CDI FLAG : ON

Next, the source, mode, and receiver indicators will be tested to control

subsequent calculations. If the source indicated is navigation, the NAV
STATE TO RW subfunction will be performed to reduce navigation state data to

the runway coordinate system. If the source indicated is not navigation,

the receiver indicator will be tested to determine from which redundant re-

ceiver source data will be taken; in addition, the integer, N, will be set

to the desired receiver number (I, 2, or 3) for data indexing purposes. If

the source indicated is TACAN, all required TACAN data for the appropriate
receiver will be obtained from the TACAN SOP and barometric data will be

obtained from the redundancy management selection filter. All these data,

along with their corresponding comm fault/lock-on or data-good indicators,

will be used in subsequent processing. The parameters to be used are
as follows:

TACBEARO(N)

TACRANGEO (N)

TBRG_CMLK(N)

TRNG CMLK(N)

HPC

ALT DG

These data will be utilized in the TAC BARO TO RW subfunction, where

they will be transformed to the runway coordinate system.

4.7-7



78FM56

If the source indicated is neither navigation nor TACAN,all appropriate
MSBLSdata and commfault/lock-on indicators for the appropriate receiver
will be obtained from the MSBLSSOPand used in subsequentprocessing. Then
the MSBLSTORWsubfunction will be performed to reduce these data to the
runway coordinate system.

The following parameters will be utilized:

MSBAZIMO(N)

MSBELEVO(N)

MSBRANGEO(N)

MRNGCMLK(N)

MAZM_CMLK(H)

MELVCMLK (N)

At this point, the selected data will have been reduced to the primary

runway coordinate system, and mode-dependent processing will begin.

It will next be determined whether computations are to be peformed for the

entry display mode, the TAEM display mode or the autoland display mode. The

"ENTRY" position on the mode switch provides automatic transitions of the

display modes (ENTRY, TAEM, Approach/LAND). If the mode switch setting is

entry and if the major mode is ENTRY (MM_CODE304 = ON) during OPS-3 or

GLIDE RTLS I (MM_CODE602 = ON) during OPS-6, then the ENTRYHSI_COMP

subfunction will be performed to generate display output parameters peculiar

to the entry display mode. If the mode indicated is not entry, the angular

deviation of the vehicle from the extended runway centerline (CDI) will be

computed and the heading of the body X-axis with respect to magnetic north

will be obtained from attitude processing and converted for output.

CDI = ARCTAN2(-R_VEH_RW2, X_DMEAZ_RW - R_VEH_RW I) DEG_PER_RAD F7

HEADING : PSI HSIMV DEG PER RAD

Next, two tests are made to determine certain constants which are dependent

on vehicle mass and wind conditions, which are provided by crew interface.

Depending on the mass of the vehicle, there are two distinct values for the

final approach steep glide path angle. If the vehicle mass, M, is less

b

4_

F7This equation shall be protected against arc tangents with both arguments

equal to zero (reference 3.6.7).
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than a threshold value, M_GSI,then the glideslope index IGSwill be_set
equal to one corresponding to the nominal case; that is, if

then

M< M GSI

IGS : I

@ If the mass of the vehicle is greater or equal to M_GSI, then the glide

slope index IGS will be set equal t_ two corresponding to the high mass
case; that is, if

then

M >_MGSl

IGS : 2

The glideslope index is used to differentiate the constants employed in

polynominal expressions relating the reference altitude and range for these

two steep final approach glidepath angles, as well as the cubic-fit higher

altitude profile. (These coefficients are the same as those used by the

onboard guidance for reference altitude.)

Next, certain constants are calculated which are used to compute the NEP and
the MEP:

DELX NEP : -HCO(IGS)/ CI(IGS,I)

DELX MEP = -CO(IGS,I)/ CI(IGS,I)

Since the masses used in the comparison test do not change after AREA NAV

begins operating, these calculations need be performed only once. In order

to handle this, a flag (MASS_FLAG) is introduced which should be initialized

to ON as a first pass flag; after this one time execution, it should be

turned to the OFF position:

MASS FLAG : OFF

A value of ALT_LAND, which is employed in the automatic switching logic, is

initalized at this point to correspond to the desired altitude at the NEP;

that is,

"ALT LAND : HCO(IGS)

Depending on the wind conditions, as defined by crew interface (keyboard

entries on HSD), there are two distinct values for X_GSI (X_GSI is the

4.7-9
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distance from the glideslope intercept point on the extended runwaycenter-
line to the runway threshold). If the winds are normal, denoted by HI
WINDS= OFF,then the value for this parameter is set equal to its nominal
value:

X GSI : X GSI NOMINAL

If the winds are determined to be high headwinds, denotedby HI WINDS= ON,
then the value for this parameter is set equal to its HI_WINDva_ue:

X GSI : X GSI HI WIND
n

If the mode indicated is landing, or if the mode indicated is entry and al-

titude above the runway, H, is less than the computed value, ALT LAND, the

LAND HSI COMP subfunction will be performed to generate display output pa-
rameters-peculiar to the autoland display mode. Otherwise, a test is made

to determine certain constants which depend on vehicle energy.

Depending on the vehicle's energy, there are two distinct HACs which the

crew may select via crew interface (HSD); the nominal circle indicated by

the term NEP and the low energy circle indicated by the term MEP. If guid-

ance determines that the vehicle has low energy, it will send a signal to

the crew informing them to switch from the NEP to the MEP on the HSD (item

entry). This switch will be received by AREA NAV as the NEP flag, which de-

termines whether the nominal (NEP = ON) or the minimum energy (NEP = OFF)

heading alignment circles shall be used. That is:

If NEP : ON, then

X EP : X GSI + DELX NEP

Since the value of ALT LAND depends on the selected HAC, the value associated

with the nominal circle is computed at this point:

ALT LAND = HCO(IGS)

If NEP = OFF, then

X EP : X GSI + DELX MEP

The value of ALTLAND associated with the low energy circle is computed at

this point:

ALT, LAND : CO(IGS,I)

O

q
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Next, the TAEMHSI COMP subfunction will be performed to generate display

outputs peculiar to the TAEM display mode, and the CDI and GSI data will

be scaled for desired display range.

CDI : 0.25 CDI

GSI : 0.2 GSI

Finally, all outputs generated will be renamed according to which of

the HSI's (left or right) they we destined for:

if left

PRIBEAR LEFT = PRI BEAR GSI FLAG LEFT = GSI FLAG

PR_R_E LEFT = PRI RANGE BRG FLAG LEFT = BRG FLAG

CDI LEFT : CDI CDI FLAG LEFT : CDI FLAG

uoI LEFT : GSI SECBEAR LEFT = SEC BEAR

HEADING LEFT : HEADING SECRANGE LEFT : SEC RANGE

HDG FLAG LEFT : ON

If right

PRIBEAR RIGHT : PRI BEAR GSI FLAG RIGHT : GSI FLAG

PRiRANGE RIGHT : PRI RANGE BRG FLAG RIGHT : BRG FLAG

CDI RIGHT : CDI CDI FLAG RIGHT : CDI FLAG

GSI RIGHT = GSI SECBEAR RIGHT : SEC BEAR

HEADlOnG R[GHT : HEADING SECRANGE RIG[_ = SEC RANGE

HDG FLAG RIGHT : ON

The NAV STATE TO RW subfunction will establish the Shuttle position vector

im coordinates of the primary runway whenever the data source is navigation.

It will be obtained from user parameter processing principal functions

a_Id renamed for HSI processing:

R VEH RW : POSITION WRT RUNWAY

The altitude of the Shuttle referenced to the runway altitude will be

obtained from the appropriate UPP principal function and renamed for _{SI

processing:

H : ALT WHEELS
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78FM56

The TAC_BAROTORWsubfunction, together with the TACBAROTOTOPODETIC
subfunction, will transform TACANdata for the selected receiver into a ve-
hicle position vector expressed in primary runway coordinates. To perform
the required transformations, certain site-dependent parameters will be
required that relate the TACANdata to the location of the TACANbeaconto
which the selected (Nth) receiver is tuned. This site-dependent data will
be obtained from the TACANsite look-up subfunction according to receiver
numberand will include the following parameters:

ALT_TACAN_SL(N),RD_TAC_SL(N),ANGLE_CORRTNTOMAG_SL(N),

_TACANEFSL(N), DHTACAN_SL(N),TACAN_CHAN_VALID_SL(N),

M_EFTOTD_TACAN_SL(N)

The TACBAROTORWsubfunction will first determine if either the TACAN
bearing or TACANrange commfault/lock-on indicator, TBRG_CMLK(N)or TRNG_
CMLK(N),indicates invalid data. If so, both the HSI BRGand GSI flags will
be set OFFaccordingly:

BRGFLAG: OFF

GSI FLAG-- OFF

and no further computations within this subfunction shall be performed.

Otherwise, the channel validity indicator, TACANCHANVALIDSL(N) will be
tested by the HSI software; if it indicates that-the beacon's location is
not available, the HSI BRG,GSI, and CDI flags will be set to OFF. Thus,
the crew will be notified of the situation, and all subsequent calculations
utilizing beacon locations will be bypassed.

If the beacon's location is available, the TACBAROTOTOPODETICsubfunction
will be performed to reduce the data to a topodetic coordinate system
located at the TACANbeacon. The TACBAROTOTOPODETICsubfunction will
computethe Shuttle position vector with respect to the TACANsite, R VEH_
TD_TAC,and will also establish the condition of the flag, GSI_FLAG,that
indicates the validity of the barometric altitude data.

Finally, the position of the Shuttle will be established in both earth-fixed
and runwaycoordinates:

_VEH_EF= M_EFTOTD_TACAN_SL(N)T R VEHTDTAC+ R _TACANEF SL(N)

R VEHRW= M EFTORW(R VEHEF - R LS EF)

The TACBAROTOTOPODETICsubfunction will convert TACANrange and azimuth
for the selected (Nth) receiver, together with altitude data, to a vehicle
position vector expressed in a topodetic system located at the TACANbeacon.
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Barometric altitude data will be used for this purpose unless it is indi-
cated to be invalid, in which case its value will be replaced with a
correspending, premission-determined, average value wheneverthe display
modeis ENTRY. If the display modeis TAEMor approach/landing, an estimate
of barometric altitude will be madeon the basis of navigation-derived alti-
tude above the runway. Also, the GSI FLAGwill be turned to OFF:

b

GSI FLAG = OFF if ALT DG = OFF

H_BARO : 85000 if __CODE__602 = ON or _ CODE304 : ON

Otherwise

H BARO : ALT WHEELS + ALT RW - DELH MSL ELLIPSOID RW

Whenever the barometric altitude data are indicated to be valid, barometric

altitude, HPC, will be renamed for processing:

H BARO : HPC

Finally, all data will be reduced to the topodetic coordinate system

as follows:

R_TAC : RD_TAC_SL(N) + ALTTACANSL(N) - DH_TACAN_SL(N)

R VEH : RD_TAC_SL(N) + H BARO

A : TACBEARO(N) + ANGLE_CORR_TNTOMAGSL(N) + PI

R TAC 2 + TACRANGE0(N) 2 - R VEH 2

COSB : F3

2 R TAC TACRANGEO(N)

U

D

A,

If COS B < - I, then COSB = -I

D = TACRANGEO(N) (I - COSB2) I/2

R_VEH TD TAC I : D COS(A) F9

R VEH TD TAC 2 : D SIN(A) F9

R VEH TD TAC 3 : TACRANGE0(N) COSB

F3This equation shall be protected against division by zero (reference 3.6.3

F9This equation shall be protected against return value of sine or cosine

with magnitude greater than unity (reference 3.6.9).
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Whatever the source for H_BARO,this value of the altitude will be trans-
formed into an altitude referenced to the runwayaltitude and renamedfor
HSI processing:

H : H BARO- ALTRW+ DELHMSLELLIPSOIDRW

The MSBLSTORWsubfunction will first determine if either the MLSrange or
MLSazimuth commfault/lock-on indicator for the selected receiver (MRNG
CMLK(N)or MAZM_CMLK(N))indicates invalid data. If so, both the HSI
bearing (BRG)and glideslope (GSI) flags will be set accordingly to OFF:

BRGFLAG: OFF
m

GSI FLAG : OFF

and no further computations within this subfunction will be performed.

Otherwise, the MSBLS elevation comm fault/lock-on indicator, MELV_CMLK(N),

will be tested. If invalid data are indicated, the elevation angle will
be set to one of two assumed values and the HSI GSI flag will be set

OFF (GSI_ FLAG = OFF) to indicate to the crew that invalid MSBLS elevation

is being replaced with an assumed value - a change resulting in degraded

performance of the HSI. The choice betwen the two assumed values for

MSBLS elevation will depend upon the altitude relative to a predetermined

reference value H_ GSI_SHALLOW; that is,

if H > H_GSI_SHALLOW, then EL_MSBLS = 0.33281

otherwise EL MSBLS = 0.0

Whenever the MSBLS elevation data are indicated to be valid, the elevation

angle for the selected receiver, MSBELEVO(N), will be renamed for subsequent

processing:

EL MSBLS = MSBELEVO(N)

Finally, the MSBLS data will be reduced to the runway coordinate system ac-

cording to the following equations:

TAZ = TAN(MSBAZIMO(N))

TEL = TAN(EL_MSBLS)

TEL2 = TEL 2

A = I + TEL2 + TAZ 2 F4

P

F4This equation shall be protected against square roots of a negative number

(reference 3.6.4).
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B = 2 (X EL RW- X_DMEAZ_RW)TEL2

C : (X EL RW- X_DMEAZ_RW)2 TEL2- MSBRANGEO(N)2

B - B2 - 4ACI/2
X VEHDMEAZ=
- - 2A

78FM56

R_VEH_RWI : XDMEAZRW+ X_VEH_DMEAZ

R VEHRW3 = (R_VEH_RW I - X EL RW) TEL

R_VEH_RW 2 : (X_DMEAZ_RW - R_VEH_RW I) TAZ + Y_DMEAZ_RW

I

The negative of the third component of the position vector R VEH RW

will be renamed for HSI processing:

H : - R VEHRW 3

The ENTRY HSI COMP subfunction will first check if the source indicated is

NAV, if so, the vehicle position vector in earth-fixed coordinates (R EF)

- determined by user parameter processing principal functions (section 4.6)

- will be renamed for subsequent processing, that is,

If SOURCE = NAV

then R VEH EF = R EF

Heading of the relative velocity vector with respect to magnetic north _s

then to be determined by utilizing the vehicle position vector and relative

velocity in earth-fixed coordinates obtained from appropriate user parameter

processing principal functions.

First, the magnitude of the vehicle position vector and a vector, V NORM,

which is normal to the plane containing the position vector and the relative

velocity are determined:

R_VEH_mC: I_R_VEH_E [

V NORM : R VEH EF x V RHO EF

Then, the heading follows from

PSI : ARCTAN2(V_NORM 3 R_VEH_MAG, (V_NORM R VEH EF2 - V NORM 2 R_VEH_EFI))

HEADING : (PSI - ANGLE CORR_TNTOMAG__RW) DEG_PER_RAD
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HEADING: HEADING+ 360

Next, the vehicle position vector with respect to the secondary runway
coordinate system will be determined:

R VEHRWSEC: M_EFTORW_SEC(R _VEH_EF- R LS EFSEC)

The parametersP SECand P will then be determined according to the
position of the Shuttle with respect to the secondaryrunwaycenterlJne
and the primary runwaycenterline: m

P_SEC = SIGN(R_VEH_RW_SEC2 )

P = SIGN(R_VEH_RW2)

The RANGE_BEAR TO HAC_ENTRY subfunction will then be performed with input

parameters determined by the value of P_SEC. If P_SEC is positive, then the
input parameters are

R CC R SEC

R CC RMAG SEC

If P_SEC is negative, then the input parameters are

R CC L SEC

R CC LMAG SEC

Regardless of the value of P_SEC, the following quantities are also required
by this subfunction:

P SEC

R VEH EF

R VEH MAG

AZIMUTH RW SEC

ANGLE_CORR_TNTOMAG RW SEC

This action results in the computation of the secondary range (SEC_RANGE)

and secqndary bearing (SECBEAR). This process will then be repeated for
the primary runway. The RANGE BEAR TO HAC ENTRY subfunction will be

m

m
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performed with input parameters determined by the value of P. If P is posi-

tive, then the input parameters are

R CC R PRI

R CC RMAG PRI

If P is negative, then the input parameters are

R CC L PRI

R CC LMAG PRI

Regardless of the value of P, the following quantities are also required

by this subfunction:

P

R VEH EF

R VEH MAG

AZ IMUTH RW

ANGLE CORR TNTOMAG RW

This action results in the calculation of the primary range (PRI_RANGE) and

primary bearing (PRI_BEAR).

Finally, CDI and GSI are set to zero and the HSI glideslope valid flag

is set to OFF.

CDI : 0

GSI : 0

GSI FLAG : OFF

The RANGE BEAR TO HAC ENTRY subfunction will accept as inputs the position

vector of the center of the HAC in EF coordinates, the magnitude of this

vector, a parameter which is indicative of the position of the Shuttle with

respect to the runway centerline, the position vector of the Shuttle in EF

coordinates, the magnitude of this vector, the azimuth of the runway and the

true north to magnetic north correction angle. It will then compute a range

and bearing for the entry mode display.

The vector, V NORM, normal to the great circle plane containing the Shuttle
and HAC center will be determined:

'V NORM : R VEH EF x R CC EF
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The bearing of this great circle plane with respect to true north at the
Shuttle position and at the circle center will be computed:

BEAR_VEH= ARCTAN2(VNORM3R_VEHMAG,(V_NORMI R_VEH_EF2 - V_NORM2 R_VEHEFI))

BEAR_CC: ARCTAN2(VNORM3 R CCMAG,(V_NORMI R CCEF2 - VNORM2 R CCEFI))

If BEARCC < 0, then BEAR CC : BEAR CC + 2 PI. The sine of the central
m

angle between the position of the Shuttle and the center of the HAC will
then be calculated:

SIN_THETVEH_CC = IV _NORM I/(R_VEH_MAG R_CC_MAG)

Then, the great circle surface range from the Shuttle to WPI will be

approximated by:

DISTVEH_WPI : ARCSIN(SIN_THETVEH_CC) R CC MAG

Next, the angle defined by the intersection of the two great circle planes

(one passing through the Shuttle position and the HAC center, and the

other through the Shuttle position and WPI) is given by

A2 : RADIUS EP/ DIST VEH WPI

and the bearing from the Shuttle to WPI follows from

BEAR VEH WPI : BEAR VEH - P A2

The arc length around the selected HAC from WP-I to the entry point will

be determined next:

A3 : A2 + P (AZIMUTH_RW - BEAR_CC)

If

A3 < -0.003, A3 = A3 + 2 PI

D ARC : A3 RADIUS EP
m

Finally, the display computations will be performed:

RANGE = (DISTVEHWPI + D ARC - X_NEP + X_WP2) NAUTMI_PER_FT

BEARING : (BEAR_VEH_WPI - ANGLE_CORR_TNTOMAG_RW) DEGPER_RAD

F7

F7

F5

e

F7This equation shall be protected against arc tangents with both arguments
equal to zero (reference 3.6.7).

F5This equation shall be protected against arc sine of arguments with magni-

tudes greater than unity (reference 3.6.5).
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If

PEARING< 0, BEARING= BEARING+ 360

The LANDHSI_COMPsubfunction will first computethe bearing to WP-2accord-ing to the following:

D = X_WP2- R_VEH_RWI

PRI_BEAR= (ARCTAN2(-R VEHRW2,D) + AZIMUTH_RW F7

- ANGLE_CORR_TNTOMAG_RW)DEGPERRAD

If PRI_BEAR< O, then PRI_BEAR= PRI BEAR+ 360

Otherwise, if PRI BEAR> 360, then PRI BEAR= PRI BEAR- 360. Next, primary
range will be computed: -- -

DIST_WP2= (R_VEH_R_2 + D2)I/2

PRI_RANGE= (DISTWP2NAUTMI_PER_FT)10.

Secondaryrange and bearing are then set equal to primary range and bearing:

SECRANGE= PRI RANGE

SECBEAR: PRI BEAR

The multiply by 10. shifts the range decimal point to provide one-tenth n.
mi. resolution on the display.

In order to computethe glideslope deviation for Shuttle altitudes greater
than a premission-determined value, that is, H> H GSISHALLOW,the refer-
ence altitude HREFmust be calculated. The reference altitude is related
to the distance (R) from the vehicle ground position to the MEP

R : DISTWP2+ X GSI+ DELXMEP- X WP2

by the following linear relation

HREF= CO(IGS,I) + CI(IGS,I) R

where CO,CI are premission constants corresponding to guidance altitude
coefficients and dependon the glideslope index. The glideslope deviation
follows from

GSI = H - HREF

F7This equation shall be protected against arU_tangents with both arguments
equal to zero (reference 3.6.7).

4.7-19



78FM56

where H is the actual vehicle altitude above the runway threshold and

HREF is the desired vehicle altitude. When the Shuttle altitude is

less than the premission value, H_GSI_SHALLOW, the glideslope deviation

is not computed and the HSI glideslope flag is set to OFF:

GSI FLAG : OFF

The TAEM HSI COMP subfunction will accept as inputs the runway X-component,

X__EP, of-a HAC associated with the crew selected entry point (EP) and the

HAC radius, RADIUS_EP. This function will compute primary and secondary

range, primary and secondary bearing, and glideslope deviation for the TAEM

mode display. The primary bearing is the direction to WPI on the selected

heading alignment circle; the primary range is the distance to WP2 via the

WPI; the glideslope deviation is the altitude error as compared to the

reference altitude which is based on the guidance defined coefficients (a

function of distance to go via the selected path). The secondary range

and bearing are computed with respect to the center of the selected HAC.

The ranges are scaled to represent range in tenths of nautical miles. The

detailed requirements for this subfunction are as follows.

First, it will determine which side of the runway centerline the Shuttle is

on; then the value of the parameter, P, will be established accordingly.

Next, a coordinate system will be established whose origin is located at the

Shuttle and the X-, Y- position of the center of the selected HAC will be

expressed in Shuttle-centered coordinates. The distance and bearing to the

center of the HAC will then be computed:

P : SIGN(R_VEH_RW 2)

Y_CC = RADIUSEP - P R_VEH__RW 2

XCC = XEP - R_VEH_RW I

RCC = (X_CC 2 + Y_CC2) I/2

PHI = ARCTAN2(Y CC, X CC)

If PHI < 0, then PHI : PHI + 2PI (PI : w)

Next, two cases will be distinguished: (I) the Shuttle is on or inside the

HAC, and (2) the Shuttle is outside the HAC. In each of these cases, the

distance from the Shuttle to WP-I will be calculated, together with the

bearing relative to the runway and the turn angle remaining around the HAC

onto the runway centerline.

If RCC ! RADIUS_EP, then Csse I; otherwise, Case 2.

Case I:
p

DIST VEH WPI : 0

BEAR RW : PHI -0.5 PI

m

c

q
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In case 2, the nominal case, the angle THETA will be computed, which

corrects the bearing from the center of the HAC to the tangent point

WP-I.

Case 2 :

THETA = ARCSIN(RADIUS EP/R CC)
m

DIST_VEH_WPI = (R_CC 2 - RADIUSEp2) I/2

BEAR RW = PHI - THETA

Next, for either Case I or 2, BEAR RW will be tested and corrected if found

to be negative. Then, the turn angle around the HAC will be determined:

If BEAR RW < 0, then BEAR RW : BEAR RW + 2PI

ARC : 2PI - BEAR RW

D ARC = ARC RADIUS EP

Finally, the parameter, P, will be tested; if it is found to be negative,

the bearing to WPI and to the center of the HAC will be corrected

according to BEARRW = 2PI - BEAR_RW and PHI = 2PI - PHI. Then,

the display computations will be performed:

• RANGE FT : DIST VEH WPI + D ARC - X EP + X WP2

PRI RANGE : (RANGE FT NAUTMI PER FT) 10.

PRI_BEAR = (BEAR RW + (AZIMUTH RW- ANGLE_CORR TNTOMAGRW))
DEe PER RAm

SEC_BEAR = (PHI + (AZIMUTH_RW- ANGLE_CORR TNTOMAG_RW)) DEGPER_RAD

SEC RANGE = 10. R CC NAUTMI PER FT

If eithe_ of the bearings exceed 360 ° , they shall be reduced by 360o:

If PRI_BEAR > 360, PRI BEAR = PRI_BEAR - 360

If SEC BEAR > 360, SEC BEAR = SEC BEAR - 360

In order to compute the glideslope deviation, the reference altitude

HREF is first calculated. This altitude is related to the ground distance

(R) from the vehicle position to the MEP along the selected path:

R : RANGE FT + X GSI + DELX MEP - X WP2
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Two different polynominal expressions are employed depending on the relative
distance (DR) from a predetermined distance (CUBRC) from the MEP

DR : R - CUBRC(IGS)

If DR < 0, then the expression for HREF is given by a cubic in R

HREF : C0(IGS,I) + CI(IGS,I) R + C2(IGS,I) R2 + C3(IGS,I) R 3

where CO, CI, C2, C3 are premisslon constants and depend on the glideslope

index. If DR > 0, then the expression for HREF is given by a cubic in
DR

HREF = CO(IGS,2) + CI(IGS,2) DR + C2(IGS,2) DR2 + C3(IGS,2) DR 3

where C0, CI, C2, C3 are premission constants and depend on the glideslope

index. Subsequently, the glideslope deviation is calculated:

GSI : H- HREF

Interface Requirements. The input and output variables are listed in tables

4.7-3 and 4.7-4. For OPS-3, the vehicle mass is obtained from the DEORB

Guidance principal function (4.209), while for OPS-6 it is obtained from a

premission value defined by the guidance. Targeting parameters, which may

be mission dependent or design dependent, are defined by the appropriate

guidance principal function; those parameters which are used by AREA NAV are

shown in tables 4.7-2 for ENTRY (OPS-3); this table shows the correspondence

between AREA NAV symbols and the guidance symbols (FSSR names). Section 9

(Initialization for OPS-3 navigation parameters) contains the table of

initialization parameters for AREA NAV; these are now compatible with those
provided in the Guidance FSSRs.

Interfacing between the submodules of the HSI computation function may con-

sist of call/assign lists, name-scoping rules of HAL-structured programming,
or other available techniques.

Processing Requirements. The left side (commander's) HSI and its associated

switches will be independent of those on the right side (pilot's); thus, the

HSI computations must be performed for each display. Crew interface inputs

via spec functions, however, effect both displays.

It is required that all floating-point computations be in single precision

to provide adequate computational speed.

Constraints. Computation rates will be dependent on requirements for the

dedicated instrument drive rates and must be compatible with the indepen-

dence of the right and left HSI requirements. There will be provision in

this function to inhibit the processing of data if the sensor range or azi-

muth corm fault/lock-on flags indicate bad data. The HSI flags will provide

an indication to the crew that the data may not be valid. These flags may

be used as a cue to the crew that another receiver or source might be advis-
able.
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Q

m.

Navigation state, TACAN, and MLS sensor measurements must be in appropriate

sequence to ensure HSI input data availability when the GPC operation

(navigation filter, etc.) is using other sources (e.g., provide TACAN for

HSI while nay state is using MLS data).

Prior to activating area navigation, ENTRY Site Lookup (section 4.5.2) is

required to have been performed for primary and secondary runways as well

as for all TACAN ground stations currently tuned by the TACAN receivers.

Supplementary Information. A suggested implementation of the area naviga-

tion computation function may be found in appendix D in the detailed flow
charts.

The course deviation (CDI) and glideslope deviation (GSI) outputs from

area navigation are utilized to drive "fly to" indicators on the HSI.

Thus, a positive course deviation output will correspond to a'"fly right"

indication to the crew and a positive glideslope deviation output will

correspond to a "fly down" indication to the crew.

q J_
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4.8 SPECIALIST FUNCTIONS NAVIGATION SUPPORT FORMULATIONS

(RUNWAY REDESIGNATION)

This section describes noncyclic navigation processing and data transfer

required for the navigation system to respond to crew controls and data entered

at the display keyboard, via a specialist function, and to provide the software

support associated with that specialist function. Output from these formula-

tions is not uniquely generated for the navigation system. Specialist functions

navigation support formulations consist of the formulations required for prime

runway redesignation.

The capability for redesignation of the prime landing site shall be provided via

the horizontal situation display (HSD) specialist function, which invokes the

runway redesignation subfunction (RUNWAY_REDESIGNATE). This action will cause

the runway/MSBLS site lookup subfunction (section 4.5.2.1) to be invoked and

update the corresponding prime runway site parameters needed by common users.

Ao Detailed Requirements. The runway designation subfunction will be invoked

by the HSD specialist function after input of a new prime runway selection

from the three designated runway sites (primary, secondary, and alternate)

available from the HSD specialist function. Input from the HSD specialist

function will consist of a prime runway index number from I to 3. The prime

runway index number (PRIME_RUNWAY INDEX) input to the runway redesignation

subfunction will be interpreted by the runway redesignation and runway/MSBLS

site lookup subfunctions as follows:

PRIME RUNWAY INDEX value Action

S.

C.

2

3

Redesignate primary runway selection as

prime

Redesignate secondary runway selection as

prime

Redesignate alternate runway selection as

prime

The runway/MSBLs site lookup subfunction will then be called with this input

number, and the redesignated prime runway associated parameters will be

computed and stored as shown in the runway site lookup output table

(4.5.2.1-2). Only the prime runway may be redesignated.

Interface Requirements. Input and output parameters for this subfunction

are shown in tables 4.8-I and 4.8-2.

Processing Requirements. Runway redesignation functions will only be accom-

plished by invoking the runway designation subfunction; and thereby the
runway site lookup subfunction is exercised.

4.8-I
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Constraints. The runway redesignation subfunction requires that a valid

prime runway index number (PRIME RUNWAY INDEX) be transmitted by the HSD

specialist function. No error checking is performed by the runway
redesignation subfunction.

Supplemental Information. A suggested implementation for the runway

redesignation subfunction is presented in appendix E.
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4.9 INITIALIZATION OF SPECIFIC OPS 3 NAVIGATION PARAMETERS

It is required that initial values for parameters be made available for use by

the navigation flight software. These parameters can be divided into four
categories:

I , Constants - those parameters with values that are not mission-related

nor design dependent. These parameters and values are defined in Level

A CPDS (SS-P-OOO2-170D).

o Mission dependent parameters - those parameters with values that may

change from mission to mission. The values of these parameters are

defined in the I-Loads FSSR (SS-P-0002-195).

t Design dependent parameters - those parameters whose values are

considered to be a part of the software design. These parameters and

values are defined in this book.

o Hard codeable parameters - those parameters whose values must be defined

but are neither mission dependent nor design dependent and are not

defined by the Level A CPDS.

O _
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4.9.1 Constants

These parameters and their values are defined in the Level A CPDS. Table

4.9.1-I is a list of those constants (with descriptions) required by the OPS 3
navigation flight software.

O _
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! I
! ' Data
! Parameter ! Type
' !

, !

! CI, I : 1,9 ! Arr
! !

! DEG PER RAD ! F

!

!

Precision !

I

Definition

DP

S

I !

! Tesseral harmonic coefficients!
I !

! Conversion factor, radians per!
! 1
! !

! EARTH MU ! F
b

! EARTH POLE ! V(3)

! EARTH_RADIUS_EQUATOR I F
! I

! EARTH RADIUS GRAV ! F

DP

S

DP

DP

I degree
I

! Earth gravitational constant
I

! Unit vector in direction of

I Earth's axis of rotation

l

! Earth equatorial radius
!

! Earth radius (gravitationalm w

! !

! EARTH RATE ! F

! I

! ELLIPT I F

! !

! NAUTMI PER FT l F

I !

! I

! PI I F

! I

! RAD PER DEG l F

! !

! SI, I = 1,9 I Arr
! I

! ZONAL I, I = 1,4 I Arr
! l

! I

I I

I I

DP

DP

S

S

S

DP

DP

! acceleration model)

!

! Earth rotational rate

l

! Earth ellipticity constant

!

! Feet to nautical miles con-

I version factor

l

I The constant PI

I

! Number of radians per degree
l !

I Tesseral harmonic coefficients!

! !

! Zonal harmonic coefficients !
! !

I !

! I

I !

@
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4.9.2 Mission Dependent Parameters

These parameters and their values are defined in the I-Loads FSSR (SS-P-0002-

195). Table 4.9.2-I is a llst of the mission dependent parameters (with

descriptions) required by the OPS 3 navigation flight software.

&
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4.9.3 Deslgn Dependent Parameters

Table 4.9.3-I presents the desiEn dependent parameters required by the OPS 3
naviEation flight software and their values.
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4.9.4 Hard Codeable Parameters
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The parameters defined in table 4.9.4-I are needed by the OPS 3 navigation

flight software but are not expected to change. These may be hard coded if
desired.
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4.10 DOWNLIST REQUIREMENTS

Downlist requirements for the Entry through Landing (OPS-3) operations computer

load are discussed in the Computer Program Development Specification, Volume I,

Book 4, (SS-P-0002-140D), Downlist/Uplink Software Requirements.
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4.11 UPLINK REQUIREMENTS

This section is included to discuss the navigation-related uplink capabilities,

data, and any special processing requirements needed to enable proper action by

the appropriate navigation function. This discussion is not intended to sup-

plant the requirements imposed by the DOWNLIST/UPLINK CPDS (SS-P-O002-140D) but

rather to clarify the action necessary to provide the proper interfaces between

the navigation function and other on-board software which interprets and decodes

the uplinked data for applications processing. The term special processing

requirement is used to identify computation, flag settings, or other actions to

be performed by onboard software external to the navigation functions to provide

or establish values for inputs needed by the navigation function.

This discussion is limited to the formatted uplink capabilities defined in the

DOWNLIST/UPLINK CPDS.

The formated uplink capabilities are:

(I) DELTA STATE VECTOR UPDATE

(2) ORBITER STATE VECTOR UPDATE

(3) DEORBIT LANDING SITE PARAMETERS LOAD

(4) DEORBIT TACAN PARAMETERS

4.11-I
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4.11.1 Delta State Vector Update

The delta state vector update will be performed by the navigation function as

described in sections 4.2.6, 4.3.1.4.2, and 4.3.2.4.2. The proper performance

of the update by the navigation function is possible only if the delta vectors
DR RW and DV RW (see principal function input list for a description) are set

To-the data uplinked and the flag DO DELTA_UPDATE is set to the ON position.

The flag itself is not part of the uplinked information and must be set by the

uplink processing software which decodes the uplinked command word. The flag

setting is a special processing requirement and must follow the setting of

DR RW and DV RW to the uplinked values.

Upon sensing DO DELTA UPDATE to be in the ON position, the navigation function

will perform the update to the navigation state vector, set DR RW and DV RW to

zero, and turn DO_DELTA_UPDATE to the OFF position to automatically inhibit mul-

tiple processing of the same uplinked data.

4.11 .I-1
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4.11.2 Orbiter State Vector Update

The Orbiter state vector update will be performed by the navigation function as

described in section 4.3.1.4.3. The proper performance of the update by the

navigation function is possible only if the update vector R _GND and V GND

and the associated time tag T_GND (see the principal function input list

for a description) are set to the data uplinked and the OP CODE is set to

the proper value. The OP CODE setting must follow the setting of R _GND,

_GND, and T_GND to the uplinked values.

Upon sensing OP_CODE to have the value 0001001, the navigation function will

perform the update to the navigation state vectors and set OP_CODE to a value

of 0000000 to automatically inhibit multiple processing of the same uplinked
data.

a
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4.11.3 Entry Site Lookup Data Uplink

There are two command uplink loads which affect data used by the Entry site
lookup principal function:

(I) Deorblt Landing Site Parameters Load

(2) Deorbit TACAN Parameters

B

Q
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4.11.3.1 Deorbit Landing Site ParametersLoad (OP_CODE= 0010101)

The deorbit landing site parametersload provides the capability to uplink param-
eters related to the table of data for the three runwaysmaintained in OPS-3.
The following list of parametersmaybe uplinked:

DEORBITLANDINGSITE PARAMETERSLOAD

4_

ql M/S ID NO. Nomenclature Type

Word (CW)

Units CMD no. BITS

Q

LDG SITE TABLE SLOT - RANGE (I-21) BINARY SCALAR

RUNWAY NAME EBCDIC NA

GEODETIC LATITUDE OF RUNWAY (LAT) SP

GEODETIC LONGITUDE OF RUNWAY SP

(LONG)

TRUE AZIMUTH OF RUNWAY SP

MAG VARIATION AT RUNWAY SP

ALT OF RUNWAY ABOVE REF ELLIPSOID SP

GEO SEPARATION (DL) SP

DEG

DEG

CW I 17 - 32

CW 2 17 - 48

CW 3 17 - 32

CW 4 17 - 48

CW 5 17 - 48

DEG CW 6 17 - 48

DEG CW 7 17 - 48

FT CW 8 17 - 48

FT CW 9 17 - 48

I Ii

It should be noted that although the LDG SITE TABLE SLOT parameter is indicated

as having a range of 1-21 (for the 0PS-2 table size), only three slots are avail-

able in OPS-3. A value of 19 for this parameter should be interpreted as

referring the runway data associated with the 'site lookup primary' as described

in section 4.5.2.1. A value of 20 for this parameter should be interpreted as

referring the data associated with the 'site lookup secondary' and a value of 21

should be interpreted as referring to the data associated with the 'site lookup

alternate'; both also described in section 4.5.2.3. It is suggested that, dur-

ing OPS-3, any value of LDG SITE TABLE SLOT which is not 19, 20, or 21 should be

interpreted as an error condition, and that no further action be taken to alter
the on-board tabular data.

There are three special processing requirements associated with uplink into the

runway site table. The first special processing requirement is that, if an

uplink to either the site lookup primary or site lookup secondary runway occurs,

then the associated MSBLS availability indicator (MLS_AVAILPSL or MLSAVAIL

SSL, respectively) shall be set to the OFF position. This action is necessary

because MSBLS site data are not included as part of the runway uplink data and

4.11.3.1-I
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there is no wayof determining a priori what newlanding site the uplinked data
represents. The secondspecial processing requirement is that all angular param-
eters shownas having units of degrees shall be converted to radians before
being stored into the runwaysite data table. The third special processing re-
quirement is that after all data storage and manipulation functions have been
completed, the runwaysite lookup 'init' subfunction (Section 4.5.33) shall be
called or invoked to cause computation of derived quantities and parameters
neededby various users of site lookup data. Failure to computethese derived
parameters will cause an inconsistency between the various parameters maintained
on-board for a given site.

The logical order of responding to an uplink is that the OP_CODEbe tested to de-
termine if it has a value of 0010101. If true, then all necessary data handling
and computations shall be performed. The final necessary action is to set OP-
CODEto a value of 0000000to inhibit multiple processing of an uplinked data
set.

An example implementation of the necessary logic, data handling, computations,
and invoking of the initialization subfunction is shownin Appendix E, DEORBIT_
LANDINGSITEUPLINK.
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4.11.3.2 Deorbit TACANSite ParametersLoad (OP_CODE= 0011111)

The deorbit TACANparameters load provides the capability to uplink data related
to the table of TACANdata for up to 10 sites in OPS-3. For each site, the fol-
lowing parameters maybe uplinked:

DEORBITTACANPARAMETERS

Word (CW)

M/S ID NO. Nomenclature Type Units CMD no. BITS

O_

MAG VARIATION AT TACAN SP DEG CW I

TACAN BEARING BIAS SP DEG CW 2

TACAN RANGE BIAS SP FT CW 3

TACAN TABLE SLOT ID (RANGE 1-60) BINARY NA CW 5

TACAN CHANNEL/MODE INTEGER NA CW 7

TACAN LATITUDE SP DEG CW 8

TACAN LONGITUDE SP DEG CW 9

TACAN ALT ABOVE REF ELLIPSOID SP FT CW 10

TACAN GEODIAL SEPARATION SP FT CW 11

17 - 48

17 - 48

17 - 48

17 - 32

17 - 48

17 - 48

17 - 48

17 - 48

17 - 48

m 4F

It should be noted that although the TACAN TABLE SLOT ID is indicated as having
a range of 1-60 (for the OPS-2 table size), there are a maximum of 10 table

entries available in OPS-3 indexed on the uplink as numbers 51 through 60 for

compatibility with OPS-2 uplink capabilities. If the table entry index itself

is not limited to a value of 1-10, inadvertent data overwrite may occur. It is

suggested that an input out of this range be interpreted as an error condition

and no changing of table data performed.

There are two special processing requirements associated with a TACAN parameters

uplink. The first requirement is that all the (angular) parameters shown as

having units of degrees must be converted from degrees to radians before the

uplinked data are loaded into the TACAN data table. All subsequent manipula-
tions and use of these data assumes that the table data are in units of radians.

The second special processing requirement is that, after the units conversion

and data storage into the TACAN site table is completed, the TACAN site lookup

initization subfunction (Section 4.5.3.2) must be invoked to establish the

4.11.3.2-I
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proper values for parameters derived from the table of site data. Failure
to cause computation of the derived parameters will result in an inconsistency
between the various parameters maintained on-board for a given TACANground
site.

The logical order of responding to an uplink is that the OPCODEbe tested to de-
termine if it has the value 0011111. If true, then all necessary data handling
and computations shall be performed. The final necessary action is to set OP
CODEto a value of 0000000to inhibit multiple processing of an uplinked data-
set.

An exampleimplementation of the necessary logic, data handling, computations,
and invoking of the initialization subfunction is shownin Appendix E, DEORBIT
TACANSITE UPLINK.

D

O
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APPENDIX A

VARIABLES LIST

DEFINITIONS

S: scalar

V(n): vector (dimension)

M(n): square matrix (dimension)

INT: integer

BIT: bit

CHAR: character

STR: structure

ARR: array

Body:
(structural)

EF

M50 :

RW:

(runway

coordinates)

x: parallel to the longitudinal axis (positive aft)

y: completes right-hand system

z: perpendicular to the x-axis, positive upward

Earth-fixed coordinate system

Mean of 50 reference coordinate system

x: down runway centerline in direction of landing

y: completes right-hand system

z: down, normal to ellipsoid

A-3



SCAN:

(MLS scanner

coordinates)

TD:

(topodetic

coordinates)

UVW

x: scanner boresight axis

y:

z:

x:

completes right-hand system

up, normal to ellipsoid

north

y: east

z: down, normal to ellipsoid

Quasl-inertial, right-handed Cartesian coordinate system

78FM56

b

D

4
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Variable List, Deorbit-Landing Computer Load

78FM56

i

I

I I I I I
! I I I I

Variable Name ] Data _ Initial ] Coord

' ...... | TYPe I Value __[__Fram_ _J|.........................
¢
I

IA
!
!
I
I
I
I

IACC_DRAG
I
I

IACC_DRAG_MIN
I
I
I
I

!
i

IACCEL
I
I

]ACC_PROP._MIN
I
I

t
!

t
i

_ACC_SENSED

ALPHA

lALPHAIN
i
I
!
i

IALPHAR
t
I
I
!

i
I

IALT
I
I

I
I

IALT_EL
I
I
i
I

IALT_BW
i
I
i
I

I
!

IAnT_WHEELS
l
I

l

ARR

S

S

V(3)

S

S

V(3)

S

0

Pad

0

Pad

Pad

Variable Description

M50

I
I
!
!
i

!
!

IArray for temporary storage of

ILegendre polynomials in Pine's

Iformulation
l
I

IVehicle cg drag acceleration
i
I

IMinimum acceleration magnitude

Irequired for processing drag
I data
i
!

]Modeled acceleration vector
I
I

_Acceleration magnitude above

lwhich vent and drag models

_are not employed
I
{

]Magnitude of sensed acceler-

ation used to determine

whether to incorporate IMU
data

]Angle of attack for computing

_drag coefficient, in radiaus
!
!

]Angle of attack in degrees

Iftom attitude snap
!
l

IAngle of attack used to

compute drag altitude

pseudo-measurement

Current orbiter altitude

above reference ellipsoid

Altitude regions for nay

event lamp processing

Altitude above reference

ellipsoid of runway reference

point

S 0 - IAltitude of orbiter above

I runway altitude
1

........ t ........ t __. ........ =L ........ _ ............................. t
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Variable List

78FM56

I I I I I
I I I I I

I Variable Name I Data I Initial I Coord

I ........... [ Ty_e J _Value .... [ Frame__[__
I
!

IALT_ZONE_CHANGE
!
i
!
!

IANGLE_CORR_

ITNTOMAG
l
l

IANGLE_CORR_

TNTOMAG_SL

AUXILIARY

a_
I
I
I
I

tBARO_AIF
i
i
!
i

IBARO_AIF_BECD
i
I

[
[BARO_DATA_GOOD
!
!

i
!

l
!

IBARO_ED IT_

IOVERRIDE
l
I

I
I
IBAROJdARK_NUM
l
l

I
l

I
I
IBARO_STAT
l
l

I
I

I
I

[J_SE._DEN '
|
i
I
!

S Pad

S 0

S

! S 0

V(6) 0
l

CHAR

i CHAR
i
i
!
J

_ BIT
I
!
!
!
I

I BIT
i
!

I
I
!
!

lINT
t
t
!

I
I

I
!I BIT

I
!
!

I
!

Auto

Auto

Off

Off

0

Off

[ V(4) ' Pad

I
!
I

! !

Variable Description

Altitude where model for

atmospheric density is changed

ICopy of ANGLE_CORR_TNTOMAG_SL

for navigation processing

Variation of magnetic north
from true north at TACAN site

obtained from site lookup

IIntermediate variable in the

[Pine's formulation

Measurement first partials

with respect to filter state

Auto-inhibit-force switch for

_rometric sensor selection

IFlag indicating which BARO_AIF
[command is in effect

I
ICopy of current data-good

Idiscrete reserved for

Imeasurement processing
I
I

ISwitch used to force incor-

Iporation of barometric data

Iregardless of residual edit
Itest
!
!

ICounter indicating the number

[of times that barometric

Imeasurement was selected for

Ifilter processing
I
I

IFlag indicating stat-flag

[setting for barometric
[measurements

I
IVector of base densities for

[each layer to model drag
i
I

[

D

#
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Variable List

78FM56

t

Variable Name

BETA

BETAIN

BIAS_AZMLS

BIAS_BARO

BIAS.DRAG

I]_IAS_DRAG_
LAYER

BIAS_ELMLS

BIAS_RMLS

BIA S._TAC_BRG

!

BIAS_TAC_BRG_
SL

BIAS_TAC_R

! I i I
I I I i

I Data I Initial 1 Coord 1 Variable Description

I _Twe_[__ va)__ __[_Fra___e _[_
I i
I I

S 0 - ISideslip angle in radian

S 0 - Sideslip angle in degrees

f_om attitude snap

S

V(4)

S

S

S

I

S

' S

BIAS_TAC_B_SL I S

BT_E_B

CD

CDA

S

I

V(9)

!

S
!

' I S

Pad

Pad

0

Pad

Pad

Pad

I

Pad

Pad

0

Pad

Pad

IMLS azimuth measurement bias
i
l

IBarometric altimeter measure-

Imerit bias
I
!

IDrag measurement bias
l
l

[Vector of deterministic drag

!biases for each layer
I
l

IMLS elevation measurement bias
I
!

IMLS range measurement bias

i

_Copy of BIAS_TAC_BRG_SL for

ithe selected TACAN station

ITACAN station bearing bias

iobtained from site lookup
I

tCopy of BIAS_TAC_R_SL for the

iselected TACAN station

i

ITACAN station range bias

_obtained from site lookup

IVariable used to store the

[calculation of B TRANSPOSE

I-E.B
I
!

ITesseral harmonic coefficients

- Shuttle's drag coefficient

- Constant used to model drag

coefficient (additional

corrective term)

_ _ _ t ....... L ......... ! .......... t ....

I
I
I
I
I

...... |

.... |

A-7



78FM56

Variable List

Variable Name

CDF

CDN

' G,C_DRA
i
i

IC_DRAG_ONE
!
!
i
!

I
i

IC_DRAG_TWO
i
!

i
I

!
I

IC_DRAG_ZERO
(
i
i
i
i
I

ICDS
I
I

!
i

t
ICOLUMN
t
!

l_0n
l
I

i
I

I_ORR_COEFF_INIT

I
t
!

I_ORR_COEFF_
IUPDATE
i
I

I
I

I_ORR_COEFF_

_UPDATE_M50
!
!

l
I

!
!

t

I I I I
I I I !

I Data I Initial I Coord I

. __[TvDeL__V_a)_uet_Fr_____t
I
!

S I Pad
I
i

I
S 1 Pad

I
!

I
I

s 1 0
' I

S I Pad
i

l i

I
I

, S I Pad

I
I
I

S I Pad

I
I
I

S 1 Pad

t
i
i

i
i

INT I I
I
i

V(7) I 0

' t
I

v(7) I 0Ps 2
I

' I
V(7) I Pad

I
I
I

V(7 ) I Pad
i
I

I
I

V(3) I 0

, I
I

........ L

Variable Description

I

I

!

| m

, UVW

UVW

, UVW

MSO

I
I

_Constant used to model drag

Icoefficient (frontal area)

t
IConstant used to model drag

Icoefficient (top area

!correction)

t
IDrag coefficient
I
i

IPolynomial term for computing

Idrag coefficient as function

lof angle of attack
i
!

IPolynomial term for computing

!drag coefficient as function

lof angle of attack
I
IPolynomial term for computing

Idrag coefficient as function

iof angle of attack
i
i

IConstant used to model drag

Icoefficient (side area

Icorrection)
!
i

IIndexing integer
i
!

IGeneral term for correlation

l_efficients

I
ICorrelation coefficients to

l_litialize covariance matrix

I
ICorrelation coefficients to

linitialize covariance matrix

Ifor Delta State update

t
ICorrelation coefficients to

linitialize covariance matrix

Ifor whole vector update
i
i

IDrag acceleration vector
I
i

i

D
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Variable List

78FM56

I

m

I
I

J

!
!

,'Variable Name
I

I
l

IDELH_MSL_

ELLIPSOID_RW

DELQ

DELQ..ONE

DELO__TWO

IDELQ_THREE
I
|

I
|

I
I

IDELTA_T
I
I
I
I

I
I
I
I

IDEL_TIME_STEP

I_ENSE
I
|

IIIENSITY_LIMIT
I
l
I
l

IDEORBIT..BURN
I
l

!
l

I/IISP_DELQ
I
!

I
I

I_LISP_EDIT

I I !!
I Data I Initial I

t Tvne i Value !

!
!

Coord I

S

S

S

S

V(6)

i v(4)
I
!

I
I

I BIT

V(7)

V(7)

Pad

Pad

Pad

Pad

Off

0

!

i B1ank

!, ___;-_______L___
I
I
I
!
i
I
!
I
I
!

!
!

Variable Description I
!

....... i

Altitude of mean sea level

above reference ellipsoid

at runway

IGeneral term for measurement

residual
I
!

IGeneral variable for residual

during three-state configur-
ation for State I

General variable for residual

during three-state configur-
ation for State 2

IGeneral variable for residual

during three-state configur-
ation for State 3

Amount by which the state

vector time tag is to be

incremented for delta time

tag update

IMaximum step size for precise
Ipredictor for OPS 3 initial-

Iization
I
!

IDensity model constants
i
I

SAltitudes at which to change

Idensity model parameters
I
I

IFlag indicating (ON) that NAV

Iphase deorbit maneuver execute
I
I

IDisplay measurement residual

_for Ith sensor measurement
I
l

IDisplay edit history indicator

for Ith sensor measurement

....... L ....... t ............ I ........ L___ ...... !
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Variable List
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I I I I I
I I I I I

I I, Variable Name I Data I Initial [ Coord ,
' i i ,

, p,D.IS _SIG

DNM

DNSA

IDNSB
I
!

I

IDNSC
I
I

I
l

IDO_BA RO_NA V

V(7)

S

S

I

S

S

I BIT

l

I
l

DO. DELTA_UPDATE I BIT
I
I
I
l
l
l

lDO_DELTA_T_ I BIT

IUPDATE I
I I
i l

! l
l !

1DO_DRAG_NAV [ BIT
l I
l I
, !
l l

I I
, I

IDO_MLS_NA V [BIT

I t
!, I
[DO_TACANJAV I BIT
l I
l I

I I
_DQ I S
, l
I l

, I
I, I
, I
, I
I ,
! ....... I .......

Variable Description

0

Off

Off ,

Off

Off

Off

Off

0

I
I

i
I

I
, |

I
!

[Display residual ratio for Ith
_sensor measurement
I
I

[Variable used in Pine's
formulation

Variable used in density
calculations

I

[Variable used in density

[calculations
|
I

IVariable used in density

[calculations
i

[Flag indicating (on) that
Ibarometric altimeter data are

Ito be processed
I
i

IFlag indicating (ON) that a

Idelta state update is to be

[performed

[

[Flag indicating (ON) that a

[time tag update is to be

Iper formed
l
l

IFlag indicating (ON) that

[drag altitude data are to

_be processed

I
[Flag indicating (ON) that MLS

[data are to be processed
[
l

_Flag indicating (ON) that

ITACAN data are to be processed
l
l

IGeneral term for measurement

Ires,dual

I
l
I
l
I

i

I

D
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Variable List

78FM56

w

I I I I I I
I _ I ! I I

!I Variable Name I Data I Initial I Coord I Variable Description ,

I ' ' ..................I
!
I

_DRAG_AIF
i
I

_DRAG_AIF_RECD
I
!

!
I

IDRAG_CONST

DRAG_EDIT_
OVERRIDE

_DRAG_MARK._NUM
I
i

i
I

i
I

|
I

IDRAG_STAT

IER_RW

V(3)

CHAR

I CHAR
i
!
!
i

!i S
I
I

t
!
!

! BIT
i
!

I
I

I
I
I
I

INT

BIT

V(3)

I

S

i S
t
t I
i
!
I
!
i

Auto

Auto

Pad ,*

Off

Off

Pad

Pad

M50

DT_DEORB_PF_NA V
I
I

I
$
I
!

IDT_DEORB_PREP_

INAV
i
i

i
I
i

!
i

IGround computed position

Ideviation to update onboard
Istate vector (rotated to

mean 50 coords)
i
I

_Drag auto/inhibit/force flag
!
I

JFlag indicating which DRAG_

IAIF command is in effect
i
!

IDrag constant equal to the
Ivehicle reference area divided

_by twice the vehicle mass
i
I

ISwitch used to force incorp-

oration of drag altitude

measurement regardless of

residual edit test

- _Counter indicating the number

lof times that drag measurement

lwas selected for filter

Iprocessing
i
I

- IFlag indicating (ON) that drag

Idata are processed for statis-

Itical display only
I
!

RW _Ground computed position

Ideviations to update onboard

_state vector
I
!

- _Sequencing time interval for

lentry navigation during

Ideorbit burn
i
I

- ISequencing time interval for

i _entry navigation during

Icoasting flight prior to

deorbit burn
!

_ _L .......... L_ . , |

*The DRAG_CONST is recomputed every time a major mass change occurs as
described in section 4.1.1.
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Variable List
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!
!

I Variable Name
i
| _ ............

l
i

IDT_ENTRY_NAV
i
!
I
I

i
!

IDT_FILT
I
I

I
l

!
I

IDT_INTERP
!
I
I
!

IDT_LAND
I
!

i
l

!
l

IDT__X
!
!

I
I

!
!

I
!

I
6

I/IV_FILT

I_V_FILT_ONE
I
l

I
!
i
I

#
!

t
I_V_FILT_TWO
I
i

l
l

I
I
I
I

I_V_]FILT_THREE
!
!
I
!

I
I
I

!, I I I
I Data I Initial I Coord I

.....L Type _ [__ Val ue ___[_ Frame __I

I
I S Pad -

S

S

S

S

V(3)

V(3)

!

v(3)

V(3)

I

i

V(3)

Variable Description

Pad

Pad

0

0

0

0

I

0

M50

M50

i
I
!

_!

I
!

ISequencing time interval for

!entry navigation after comple-
It!on of deorbit burn
I
!

IInterval over which to

Ipropagate the State vector(s)

Iand covariance matrix

I
IState vector interpolation

Itime interval
I
i

ISequencing time interval for

l_eland external navigation

_sensor processing function
l
!

IMax allowable time step size

Ifor entry precise predictor
I
!

_General vector of difference

between present and previous

accumulated sensed velocities

Difference between accumulated

sensed IMU readings on present

cycle and previous cycle

M50

M50

!

I

MSO

IDifference between accumulated

Isensed IMU readings on present

Icycle and previous cycle for

IMU-I during three-state

Iconfiguration
I
IDifference between accumulated

sensed IMU readings on present

cycle and previous cycle for

IMU-2 during three-state

configuration

Difference between present and

previous accumulated sensed

velocities for IMU-3 during

_ree-state configuration

........ L ......

P

4
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Variable List
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o

b
.b

!
!

I Variable Name
I
l__ _L__
J
l

l_v..Rw
l
I
[
I

I
I

IE
I
t

IEARTH_MU
l
I
I
i

I_RTH_POLE
[
i
i
i

IEARTH_RADIUS_

EQUATOR

EARTH_RADIUS_
GRAV

EARTH_BATE

I__COPY
i
I

l
I
I
I

I
I

IEDIT_ARRAY
i
l

l
!

1EDIT_FLAG
l
I

IELEM I
!
I

[
I

{ELEM 2
l
i

I
IELEM 3

ELLIPT

I ....

!, I I
I Data { Initial I Coord

_[!voe I _ Value __[_Fr_e
f
!

v(3) I
I
I
I
!

M(6) I

I
s I

!
I

I
v(3) I

!
I

I
s I

I
I

s I
I
I

s I
I

V(6) 1
I
l
i
[
I

I
ARR l

l
I

[
l

BIT l

I
s I

I
I

s I
!
I
!
!

s I
I
I

s I
I
!
t

I

0 RW

0 MSO

Pad

Pad M50

Pad

Pad

Pad

0 M50

Off

0

0

0

!

Pad

Variable Description

Ground computed velocity
deviations to update onboard
state vector

_Filter covariance matrix
I
I

IGravitational constant of
Iearth
l
l

[Unit vector in direction of

learth's axis of rotation
i
i

IEartb equatorial radius
!
I
I
i

[Earth radius used for gravity
Ict_lateness calculations
!
I

[Earth rotation rate
l
l

IVariable used to reserve the

[product of the covariance

Imatrix and the partials
Ivector B
l
!

IArray of last 4 edit flag for
[display processing
[
l

lGeneral variable for edit flags
I
!

IVariable used by midselect to
Iselect middle element
I
I

IVariable used by midselect to

select middle element

Variable used by midselect to

select middle element

[Earth ellipticity constant

I ........ L ........... t .......... t _ _
.... |

[
I

I
l

!
_l
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Variable List

I I | I I I
I I I I I I

I Variable Name I Data I Initial [ Coord I Variable Description ,

[EPS_TAG
i
I
i
i

I
I
!
I

[
I

I
i

IE_TEMP
I
i

I
I

!
I

IEVENT E 1

EV__T

S

M(6)

BIT

BIT

M(3)

BIT

S

!
!

Pad l -
i
!

i
I
I
I

I
t

I
i

I
I

0 1 -
I
I
i
I
!
I
!

!
$
!
I
!
I

Off I -
I
I

I
l

Off [ -
I
l
!
!

Pad I -

I
I

o I -
I
I
!
I

Off I -
I
!

I
!
I
!
!

0 l -
!
i
I
I

0 I -
!
I
!
I

0 1 -
I
I
!
¢

0 I -
I

EVENT E_14A

I

IEXP__SHAPE_

IFACTOR
l
!

IFIFTY
!
!

!
l

[FILT_UPDATE
i
i

I
I
l
l

!
I

IF1
I
I
!
!

IF2
I
!
!
I

IF3
!
I
I
I

IF4
!

!
t I

I
I........ , ....... L ....... L ........ t

!
!

ICriterion for difference

I between measurement time

land state time, above which

Ithe filter state will be

Iextrapolated for residual

Icalculations
I
I

_Temporary matrix for
Icovariance matrix initial-

Iization
i
I

IFlag indicating (ON) a

Itransition from OPS-3 to

lOPS-2
I
$

ITemporary flag used to set

l_iv validity flag
l
I

IMSC event - OMS cutoff

Iconfirmation
l
!

IExponential shaping factor for

l&-ag coefficient model
l
!

IGeneral transformation matrix

l_'om EF to M50 coordinates
l
I

ISwitch indicating (ON) that

Icurrent measurement processing

[ia complete for UPP propagator

Ire.set

I

IAuxiliary variable in Pine's

[formulation
!
l

IAaxiliary variable in Pine's

Iformulation
l
l

[Auxiliary variable in Pine's

[formulation

I
IAuxiliary variable in Pine's

[formulation

W
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D

I

b
4&

I !, i l

,!Variable Name I Data I Initial

!
!

!
!

I__CENTRAL
{
t

!
!

I__FINAL V(3)
i
[

IGMD S
!
i

!
[

GM_DEG S
!
!
!
i

IGMD__PRED S
i
I
l
!

|
i

IGMO S
!
i

i
l

IGMO_PRED S
!
|
|
I
!
!

IGM_ORD S

I
!

I__OLO
!
I
!
!

!
!

I__ONE
!
!

I
I_ _ONE_OLD
!
i

I

!
!

IGRAV_GRAD_NEW
(
I
i
|

!
i

I
!

t

I I
I !

I Coord 1

V(3)

V(3)

V(3)

V(3)

V(3)

M(3)

__t_ F,'_e_ L, __

M50

t,50

M50

Variable Description

!
!

_Gravity acceleration
i
!

IGravitational vector for

central force effect

Current gravity vector

General term indicating degree
of modeled acceleration

I

0

0

0

0

0

M50

MS0

IInteger indicating degree of
Imodeled acceleration
I

IInterger indicating degree of

Imodeled acceleration in OPS-3

I-INITIALIZE (code)
!
t

_General term indicating order
_of modeled acceleration
i
I

_Integer indicating order of

Imodeled acceleration in OPS-3

_-INITIALIZE (code)
I
l

_Integer indicating order of
_modeled acceleration
t
!

IGravity acceleration at start

of Shuttle state intergration
interval

Past acceleration vector due

to gravity

M50 _Gravity acceleration vector at

Ibeginning of integration
I tnterval associated with INU-1
!
!

M50 IGravity gradient at end of

I t_ansition matrix integration
Iinterval
t
i

!
!
I

.... t ....... _ ..........

i
!

l
l
I

.__|

_ I
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Variable List

78FM56

I !, , I I I
I
, Variable Name I Data I Initial I Coord [

I
I

IGRAV_GRAD_OLD
I
i

I
i
i
!

I__RESET
I
i

I
I

i
I

I
!

{__THREE_OLD
I
i

I
I

!
i

I__TWO
i
!

l
i

I__TWO_OLD

I
I
I
!
I

ILgRAG_LOW
I
!

!
!

[H_INHIB

IH_MID

I
I
!
!

IH_S
I
!
!
!

II
I
!
I

IID_MATRIX_3x3
i
I

IJJ_U_FAIL '
I
!

I
I

Variable Description

M(3)

V(3)

i V(3)

V(3)

v(3)

S

BIT

S

INT

M(3)

V(3)

l

!
!

o I MSO
l
l

l
l

l

0

0

Pad

Off

Pad

MSO

MSO

MSO

I
I

IGravity gradient at start of

Itransition matrix integration

Iinterval
I
i

IVehicle gravity acceleration

Ivector reserved for reset of

luser parameter gravity
lacceleration vector
i
{

IGravity acceleration vector at

beginning of integration
interval associated with IMU-3

Current acceleration vector

due to gravity

M50 IGravity acceleration vector at

teginning of integration

_nterval associated with IMU-2

Altitude below which the drag

cata are not processed

Flag indicating (ON) that

attitude data has been de-

selected based on an auto-

._tic selection constraint

Altitude above ellipsoid

computed from middle selected

[osition vector

- IAtmospheric scale height for

I cmnsity calculation
!
I

- llnteger-subscript or iteration

[ counter
l
l

- IIdentity matrix (3x3)
!
I

- [IMUFAILI: Failure status of
i It.he Ith IMU for I = I, 2,

! [(_ 3
l

.... L ......... L .......

ii
Ib

o
'II

4
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Variable List

78FM56

I
!

I Variable Name
i

I
I

iIMU_STATUS
i
I
I
I

{IN_CONE_FLAG
I
i

i
I

I
i

IINITIATE_PWR_

IFLIGHT_NAV_EVENT
I
I

i
!

I_ _V_BH0
t
I

l__.z
!
I
I
I
!
I

IJ..Z_CROSS..J_ELR
!
I
!
!

IJ
!
!

!
!

IK
I
I
!
I

IK_EDIT_BARO
I
!

I
!

i
!

I
I

IK_EDIT_DRAG
I
I

!
i

I
I

i
I

IK_EDIT._MLSAZ

I i i iI I

I Data I Initial i Coord

_[Tvne [_ _ value __t_F___ _ {

S

BIT

BIT

V(3)

V(3)

V(3)

INT

INT

INT

INT

INT

Off

Variable Description

Off

0

0

0

Pad

Pad

Pad

M50

I
I
I
I
I

I
I

IInteger indicating combined

Istatus of 3 IMUs
I
I

IFlag indicating (ON) that

Ivehicle is in selected TACAN

Istation's cone of confusion
I
I

IFlag indicating (ON) that the

deorbit burn begins in TBD
seconds

Unit vector of _ _ RHO

IUnit vector along TACAN, MLS
lazimuth, or elevation scanner
Icoordinate Z-axis
I
I

ITemporary vector used in

{Angle-Partials
I
I

IInteger-subscript or iteration

Icounter
!
I

IInteger used in Pine's
formulation

Scale factor on filter mean

square residual used in

residual edit test for BARO

measurement

Scale factor on filter mean

squar e residual used in

residual edit test for drag

measurement

Scale factor on filter mean

square residual used in
residual edit test for MSBLS

azimuth measurement

I .............. I ........ t ......... L ......... t ........ ..... I
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Variable List

78FM56

!
!

I Variable Name
I
L__

I
l

IK_EDIT_MLSEL

_K_EDIT_MLSR
i
l

i
i

!
I

I
l

1K.._EDIT_TACBR
t
!

I
I

I
I
!
I

1K_EDIT_TACR
l
I

I
l

i
l

I
!

IL_x
I
I
!
I
!
!

1K_RES_EDIT

IK_UND_WGT
I
I

t
IL
I
I
I
I

ILAYER
I
IM
I
IMACH._JUMP
!
l

I
!

I
l

I

! I I
I I ! I

I Data I Initial I Coord I

__ [ Type _[__ _Value.... _- F_r_ame__]
!
!

lINT
I
l

l
I
I
l

I
I

! INT
!
I
I
I
I
I
I
!

INT
I
I

I
I

l
!

I
I, INT
I
i

I
I
I

!
!

I s
I
I
!
I
!i S
I
I
!
!

I
I s
I
t
lINT
I
l

I
I INT
I
IN(3)
I
I BIT

I
I
!
I

I
I

Pad

Pad

Pad

Pad

Pad

Pad

0

0

Off

t
!

Variable Description ,
I

I
I

- IScale factor on filter mean

Isquare residual used in

Ires!dual edit test for MSBLS

Ielevation measurement

I
- IScale factor on filter mean

Isquare residual used in

Ires!dual edit test for MSBLS

{range measurement
I
$

- IScale factor on filter mean

Isquare residual used in

Ires!dual edit test for TACAN

Ibearing measurement
I
I

- {Scale factor on filter mean

Isquare residual used in
l_._sidual edit test for TACAN

Irange measurement
I

- IMaximum number of edits allowed

la measurement before display

{of edit warning
i
l

- IScale factor on filter mean

Isquare residual used in

l_.sidual edit test

I
- IScale factor used in measure-

Iment under weighting equation
l

- IInteger used in Pine's
' Iformulation

!
i

- IAtmospheric layer label
I

- IGeneral transformation matrix ,
I

- IFlag indicating (ON) that the

Isnuttle is in the MACH Jump

Iregion

I
' I

$
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Variable List

78FM56

I I l I I
I I I I I

I Variable Name I Data I Initial 1 Coord I
' I TyPe I Value I Frame '
! ............................... ,,____
!
I

IMANUAL_EDIT_

IOVERRIDE
I
i
I
I

IM_EFTOM50
l
I

I
I

tM_EFTORAD_EL
i
I
I
!

I
I

IM_EFTORAD_R__Z

IM._EFTORW
I
I

I
I

IM_EFTOTD_TACAN
I
I
!
I

IM._EFTOT D_

ITACAN__L
I
I
I
I

I
I

IMID_ELEM

MLSANT_ANG

BIT

M(3)

M(3)

M(3)

M(3)

I M(3)
I

M(3)

S

S

MLSANT__B_DI ST I S
I
I
I
I

MLS_AVAIL I BIT
I

I I
I
I

I
I

IMLSAZ_DATA_GObD [ BIT
I I
i I

I I
| i

I I
! ..... L .......

!
!

Variable Description I
I

.... I

I I
I I

,' - IFlag indicating (ON) that the

filter's residual edit test is
to be overridden

Off

Pad

Pad

Pad

IEarth fixed to M50 coordinate

transformation matrix

Transformation matrix from

earth-fixed to MSBLS elevation

radar coordinates

Transformation matrix from

earth-fixed to AZ/range MSBLS
radar coordinate frame

Earth-fixed to prime RW
transformation matrix

Pad

O

Pad

Pad

Off

Off

.... L......... L.....

ICopy of M_EFTOTD_TACAN_SL

Iftom site lookup
I
I

ITransformation matrix from

learth-fixed to topodetic

Icoordinates at TACAN site

{obtained from site lookup
i
I

IElement selected by

IMID_SELECT
I
I

IAngle between navigation base

I-to-MSBLS antenna vector and

Ipositive vehicle X-body axis
I
I

IDistance from navigation-base
Ito MSBLS antenna
I
I

IFlag output by site lookup

Isubfunction indicating the

lavailability of MSBLS data
I
I

ICopy of current data-good
Idiscrete reserved for

Imeasurement processing
I
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Variable List

78FM56

I I I I
I I I • I

I Variable Name _ Data 1 Initial I Coord

I
I

IMLS_COV_.INIT BIT
i
i
I
i

!
!

1MLSEL_DATA_ BIT

IGOOD
i
!

i
!

IMLS_MARK..NUM INT
!
I

|
!
I
I

I
!

IMLSRANGE_DATA_ I BIT

IGOOD I
I I
I I
I I
I I

I MLS_R_AZ_GOOD I BIT

' t
' II
! !
i I

IMM._CODE I INT
! !
i I

I 1
IM_M50_TO_ I M(3)

ISCANNER I
i i
! $

IM_M50TOTD I M(3 )

' I!

t I
IM_SBODYM50 I M(3 )
t !
! !

t t
IMS_DELQ I S

I I
I 1
IMS.j'OS__D_WaT I S
! !
! I

i !
I !
I I
I !
¢ , !
I I

IM_TEMP I M(3)

I 1
!
|: .......

I
!

Off
I
I

i

I

Off I
I
I
I
I
I
I

o I
I
I

I
I
I
I
I

off I
I
!
I

I
Off I

I
I
I
I

I
o I

I
I
I

o I
I
I

o I
I
I

o I
I
I
I

o I
' t

!
I

Pad I
I
I
I
!

I
t
I

o I
I
!

L ....... L.......... t

I
I -

I I
I I

I Variable Description I
i I
L ..... i

I
!

ISwitch to initialize portions
lof the covariance matrix to

Izero when NSBLS first acquired
!
!

ICopy of current data-good
discrete reserved for

measurement processing

Counter indicating the number
of times that MSBLS measurement

was selected for filter

processing

ICopy of current data-good
Idiscrete reserved for

Imeasurement processing
I
I

ISwitch which indicates when a

flood set of MSBLS range and

lazimuth data has been received
I
I

IMajor mode number (set by MSC

Ifor use by navigation)
I
I

ITransformation matrix from M50

Itm MSBLS scanner coordinates
I
I

ITransformation matrix from M50

topodetic coordinates

Structural body-to-M50
coordinate transformation

l,'ilter estimated mean squared
measurement residual

Value of filter mean squared

'position error below which no

measurement underweightlng
is used

Transformation matrix

8

o
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Variable List

78FM56

+

I I I I I I
I I I i I I

II Variable Name I Data I Initial 1 Coord _ Variable Description

i I T_oe 1 Value J Frame 1I.................................................................. i

I I ! l, , , I t '

JN
I
!

INI
!
!

SNAUTMI_PER_FT
I
I

I
{

NA V._J_L..FLAG
i
I

I
I

INAV_THREE_STATE

INOISE
I
I
I
I

!
!

INO'rS_J_
I
!
!
I
!
I

INOISE_RV
t
I
I
I
i
!
!

1N_SEQ
I
I

I
I

IN._SE_J_X
!
I
!
I

i
I
I

I_3_4EGA
I
I

IONE..BRG_LOCK
!
I
i
t

10NE_RA NGE_LOCK
I
t

INT

INT

S

BIT

BIT

S

S

INT

' INIT

V(6)

BIT
I
I

t
BIT

i
I

1

1

Pad

Off

Off

0

0

Pad

0

!

Off

I

Off

IOeneral indexing integer
I
I

IGeneral indexing integer
I
I

INumber of nautical miles

per foot
i
I

_NAV validity flag for setting

levent lamp indicator
i

_Flag indicating whether the

Imode of operation is single-

Istate or three-state
i
!

IState process noise added to

Svelocity diagonals of filter

Icovariance matrix
I
I

_State process noise added to

Iposition diagonals of filter

covariance matrix
I
i

_State process noise added to

loff diagonals of position-

Ivelocity submatrix of filter

Icovariance matrix
I
I

ISequential counter for nay

ivalidity flag
!
!

INumber of sequential failures

lof the nay event lamp test

Icriteria allowed before

_activating the nay event lamp
i
I

IKalman filter gain vector
i
I

ITACAN RM one LRU bearing lock-

Ion requirement flag
!
I

ITACAN RM one LRU range lockon

Irequirement flag
I I I
I ............... L ...... t ......... ._L._ ......... L ........ I
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Variable List

78FM56

| .........
I I I [

I I I I

I Variable Name I Data l Initial I Coord
i
' ........... t Tvoe _ L_ .Value _k_ Fr_%m@
IOP_CODE I B(7) 0 -
I l
l l
l, I
IOPS._3..INITIALIZE 1 BIT Off -

{_COMPLETE

oPs_L
RECONFIGURE

BIT

PHI

PI

PITCH_M

IPRELAND_

ITRANSITION

I
I
i
I

IQ
!
i

IO_AZMLS
i
i

l
l

{O__ARO
i
l
l

IO_DRAG
i
I
IO._ELMLS

I
I
IO..M50_BODY
i
i

I
10_BANGE
I
I
I

M(6)

S

S

BIT

V(4)

S

Off

0

Pad

0

OFF

0

0 | -

0
I

0 | -

0

0 MSO

I

0

| I

I Variable Description I

I ....I
ICommand uplink identification

Icode

I
IFlag to enable scheduling of

Ithe user parameter state

Ipropagation principal function
I

IFlag indicating (ON) that
OPS-3 initialization is

complete

Transition matrix for

covariance propagation

The constant PI

Copy of pitch angle reserved

for MLS elevation processing

IFlag indicating (ON) that

transition to preland navi-

gation principal function

is complete

Measurement estimate

MSBLS azimuth sensor measure-

ment

Barometric altimeter sensor

measurement

Pseudo drag altitude generated
sensor measurement

MSBLS elevation sensor

measurement

M50 body frame attitude

quaternion

MSBLS range sensor measurement

o

#

P

8

A-22



Variable List

78FM56

i

6

!
!

I Variable Name
!

Q._TAC_.BRG

Q_TAC_R

I
I

I
I

IRAD_PER_DEG
!
!

I
I

IRAW_RA_PROC
!
!

I R_AZ COUNT
!
!

i
!

i
!

I
i

IR_AZ_CO UNT_MA X
I
I

i
i

I
I

I
i

i
I

I__AZMLS
!
!

!
!

I__AZMLS_EF
!
!

I
I

I__COV_LAST
!
I

I

!
I

I_ _EF
!
I

i
!

IREF_AREA
_ !
!

I__ELMLS
! P
!

I
|

!
!

!

I I I I
I I I I

I Data I Initial I Coord I

V(3)

BIT

INT

V(3)

V(3)

V(3)

V(3)

V(3)

___L

Variable Description

Pad

Off

0

Pad

Pad

M50

!
I

ITACAN bearing sensor
measurement

TACAN range sensor measurement

General Shuttle position

vector

Conversion constant-radians

per degree

IRadar altimeter processing flag
I
!

IRunning count of number of

consecutive MLS azimuth and

range measurements failing

data good test

I
I

I
I

I
___i

El?

M50

EF

MS0

IPrescribed number of consec-

lutive MLS range/azimuth meas-

lurement data-good 'fails' to

Iforce inhibit of MLS processingl

land allow TACAN processing
!
!

IPosition vector of MLS azimuth

Iscanner in M50 coordinates
i
I

IEarth-fixed MLS azimuth scannerl

Iposition vector I
! i
I !

IUpdated vehicle position vectorl
lassociated with current

Icovariance matrix
I
|

IGeneral position vector in

learth-fixed coordinates
l
!

IOrbiter reference area
I
!

IPosition vector of MLS

lelevation scanner in M50

Icoordinates i
!
I

l

._I
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78FM56

Variable List

I I I I I
I I I I I
I
, Variable Name I Data I Initial I Coord

' ....L_ y__ _[____k4__ I
I
I

[_ _ELMLS_EF
!
!
!
I

IY_EL_R
!
I

!
!

[RESILTEST
!
I

I_._FILT
!
i

!
!
!
I

I__FILT_INIT
I
I
I
I

[_ _FILT_ONE
I
I

I
I

I
{

I__FILT_TWO
I
I

i
I

I
I

I_.jFILT_THREE

!
!

v(3) l o
I
I

v(3) l o
I
I
I

s 1 o
I
I

v(3) 1 o
I
!
!
!
I

v(3) 1 0Ps 2

V(3)

v(3)
I

I v(3)
I
I

I
I

!
!

IR _FINAL I V(3)

I !
! I

l.l_. _GND I V(3)

t I
' I!

IRHO l S
* I!
! ! !
I I

l RHO_ZERO I S ,
! I
I I

I I
| I

[__INIT { V(3) ,
I ' I
I I

I I
I I

I I
! I
I ................. A........

0

0

0

__#r am#___[ .....
I
I

I, EF
I
I
I
!

' M50

M50

Variable Description

Earth-fixed MLS elevation

scanner position vector

IVector from sensor ground

station to vehicle

General resid test variable

Filter current Shuttle

position vector in M50

icoordinates

MSO

MSO

MSO

M50

IShuttle position vector for

_OPS 3 initialization
I
I

ICurrent Shuttle position vector_

Ifor three-State configuration, I

[State I I
I I

[Current Shuttle position vectorl

for three-State configuration,

State 2

Current Shuttle position vector

for three-State configuration,

State 3

M50

M50

|

M50

........ k ....

[Position vector propagated to
[ current time

I
IUplinked position vector for

Ithe whole vector update
l
[General range variable also,

Iatmospheric density
I
i

[Copy of BASE_DEN for the

Iselected layer
I
I

IShuttle initial position vector

linput to predictor
I
I
I ____q

b
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Variable List

78FM56

!

I Variable Name
!

I
I

IR_INV
I
I

I
t

I_ MS ONE
!
i

|
I

I
|

I_ _MS_THREE
!
I

I
I

I
I

I_ MS_TWO
I
I

I
|

I
I

{RNG
I
t

!
!

[RNG_VA R

IBEARING_STEP
i I
I

[RNG_.VAR_RNG_STEPI
|
I

I
i

_O_N
I
!

[
!

1RO_ZERO
t

I
I

[_ _RESET
I !
I

I
I

I
I

I
!

I__RESID
i
I

L
I

!
i

!
I

I
I

I
!

I
¢

I

I I I I

I Data I Initial [ Coord [

I
i

Variable Description I
!

V(3)

V(3)

V(3)

S

S

S

S

V(3)

V(3)

0

Pad

Pad

0 I

0 I

I I

MSO

MSO

M50

MSO

M50

Inverse of the magnitude of

the position vector

Vector used to represent a

state for selection by
VECTOR-SELECTION

_Vector used to represent a

Istate for selection by

_VECTOR_SELECTION
I
I

IVector used to represent a

Istate for selection by

_VECTOR_SELECTION
I
I

IRange from the TACAN station

Ito the vehicle
I
I

[Range criterion used to

Iselect TACAN bearing variance
t
I

IRange criterion used to

]select TACAN range variance
I
I

_Variable used in Pine's

Iformulation
I
I

IVariable used in Pine's

[formulation
t
I

{Vehicle position vector after

all navigation updates reserved

for reset of guidance inte-

grator position vector

Vehicle position vector used

in measurement residual cal-

culation after interpolation
to time of measurement

.... L ....... L ............ 1 ........ L ..................... ._!
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Variable List

I
!

I Variable Name
!
I .... i
!
I

I__RESID_ONE

I__BESID_TACAN
i
I

I
!

I
[

I_._RESID_THREE
I
!
I
I

I
i
i
I

I_..BESID_TWO
I
I

I
I
!
I
I

i_j_xo
I
!
I

IK _R MLS..EF
I
i

I
I

I_._SCANNER

I
!
I
I
I

I_ ...,SENSOR
I
I
!
I

!
I

I
I
I
!

I__TACAN_EF_SL

RV_MAG

I, I I i I
I Data I Initial 1 Coord I Variable Description I

_Zv___L__v_3u____t_ _me __L............................ I

V(3)

I V(3)

V(3)

S
I

V(3)

V(3)

vC3)

v(3)

V(3)

Iv(3)

0 !

S

_0

M50

MSO

M50

EF

M50

M50

EF

EF

I ............... L ....... L ...........

I
I

IInterpolated position vector

lassociated with the first

Istate vector during three-

IState TACAN processing
I
I

IGeneral term denoting inter-

Ipolated position vector during

ITACAN processing
i
i

IInterpolated position vector

lassociated with the third

Istate vector during three-

IState TACAN processing
I
i

IInterpolated position vector
lassociated with the second

Istate vector during three-

IState TACAN processing

I
IMagnitude of general position
Ivector R
I
I

IEarth-fixed position vector

Iof MLS range scanner
i
I

IGeneral M50 position vector

fused in range residual

Icalculations
I
I

IGeneral Sensor ground station

Iposition vector
I
I

ICopy of__TACAN_EF_SL for

ITACAN station used by

Inavigation filter
I
ITACAN station earth-fixed

Iposition vector obtained

Iftom site lookup

I
_Orbiter relative velocity

Imagnitude

i

0
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Variable List

78FM56

O

Variable Name

I I i I
I I I I

I Data I Initial 1 Coord I

.[Tyoe. I Value ___[_F_m____L__
Variable Description

RV_MAX

S

SA

SB

ISCALE_HT

SEA_LE VEL_

DENSITY

SEL_LRU_ID

Pad

V(9) Pad

S 0

S 0

V (4) Pad

INT

V(7)

Pad

tSENSOR_DELQ V (7)
I
i

I
I

I_S_ENSOR_ED IT V (7 )
I
I

I
$

I_ENSOR RESID
ITEST
l
|

I
I

l_IG V(6)
I
I

i
I

I
I

I_iIG_DIAG_UPDATE I V(6 )
I t
l I

I I
i I

I t
I !

I,IIG_DIAG_UPDATE_I V(6 )
IMSO ' I
I I
I I

i I
I I

! !

Off

Pad

I !

Pad

iMaximum relative velocity

magnitude for baro processing

UVW

UVW

ITesseral harmonic coefficients
!
I

IS!he of alpha
I
l

IS!he of beta
i
!

_Vector of scale weights for

{each layer to model drag
!
I

ISeal level atmospheric density
i
I
l
!

IInteger indicating which TACAN

{LRU (I, 2, or 3) is selected

Iby RM for use by navigation
Ifilter for TACAN data

Iprocessing
l l
l l

IVector of measurement residualsl

_for display purposes I
l I
! !

IEdit indicator for measurement

Itypes
[
i

_Vector of residual edit test

{values for measurements to

Iused for display
l
i

IGeneral term for square root

lof diagonal elements of
Icovariance matrix
I
l

ISquare root of diagonal

lelements for delta update
covariance initialization

i
i

ISquare root of diagonal ele-

Imerits for whole vector update

Icovariance initialization
i
i

i
_L ....... L ........... L ........ i ..........
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Variable List

78FM56

I I I ! i I
! I i i ! I

! !I Variable Name I Data 1 Initial 1 Coord , Variable Description ,

i I Type 1 Value [ Fram_ _L_|............................................................ I
I
|

If_IG_DIAG_UVW_
INIT

V(6)

ISTAT_FLAG
I
!
!

I
!
!
!
!
|

I_UM
I
i

!
i

IS2B S
i !
i
!
!

IT ' S
|
|

!
i

ITACAN_AIF CHAR
i
|

t
ITACAN_AIF_RECD I CHAR

t 1
! I
6 |

ITACAN_BRG_ I S

ICONVERG_TEST I
| I
| |

| !
| !

ITACAN_EDIT_ I BIT

1OVERRIDE I
! l
t |

12.ACAN_ID I V(3)

I 1
l !
! t

I 1
ITACAN_ID_LAST IINT
| I
I !

I I
! |

ITACANL_MARK_NUM IINT

I ' I
I I
I I
! !

BIT

V(6)

I I
I I

OPS 2 I UVW ISquare root of diagonal ele-

ments for covariance matrix
initialization

Off

0

Inhibit

Inhibit

Pad

Off

0

0

ISwitch indicating (ON) that

lonly filter statistics are to

Ibe generated for display with

|no incorporation of measure-

Iment into the filter state
!
|

IAccumulated sum of

post-residual edits

Sine of double the sideslip

aqgle

.... t .......... t ..........

IT|me tag for Shuttle state

Ivector
I
i

IAUTO-INHIBIT-FORCE switch for

ITACAN sensor selection
I
|

IFlag indicating which TACAN_AIF

Icommand is in effect
I
|

tExpected bearing variance

Icriterion to turn on TACAN RM

Ibearing one-lock flag
I
I

ISwitch used to override TACAN

Ires|dual edit test
I
I

liD's of TACAN stations

Icurrently associated with the

|three LRU's
|
|

liD of previously selected

ITACAN station
I
|

ICounter indicating the number

lof times that TACAN measure-

Iment was selected for filter

Iprocessing
|

o
8

e

8
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Variable List

78FM56

I I I I I I
I I ! I I i
I

Variable Name I Data I Initial 1 Coord '
, , Variable Description I
I...... I TyPe I. Value I_Frame___[
! I

I

ITACAN._RNG_ S Pad - IExpected range variance cr_-

I CONVERG TEST It erion to turn on TACAN RM
I

Irange one-lock flag
I
i t

I

ITACAN_STAT BIT Off - IFlag indicating TACAN data
I

' Iprocessed only for statistical
I

' Idisplay
I
, I
ITAC_BRG_DATA_ BIT Off - ICurrent data-good discrete for

IGOOD ITACAN bearing measurement

' Iprocessing
I I
I I

ITAC_CHAN_VALID I BIT Off - ICopy of TACAN_CHAN_VALID_SL
|

' Ifor TACAN station used by
I

i Inavigation filter
I
, I
ITAC_CHAN_ BIT Off - ITACAN channel validity flag

IVALID_.SL lobtained from site lookup
| i

ITAC_P_G_DATA_ I BIT Off - ICurrent data-good discrete for
I GOOD I ITACAN range measurement
! i

i Iprocessing
I I I
I ! I

IT_BARO I S 0 - ITime tag associated with baro-
I I
' , Imetric altimeter measurement
I I I
I I I

IT_CURRRNT_,FILT l S 0 - IMTU or clock time when IMU
I
' Iwas read
! I
I I

IT_EF_.J_ZMLS S 0 - ITime at which NSBI.,S azimuth
I
, lwas read (adjusted)
! I
! I

IT_EF_.I_LMLS S 0 - ITime tag of current NSBLS
I
, Ielevation measurement
I I
I I

IT_EF_RMLS S 0 - ITime at which MSBLS range

, Imeasurement was read
! I
I I

IT_.FILT INIT S OPS 2/0 - ITime of current filter state
!
, Ivector and covariance matrix
I
, Ifor OPS 31OPS 2 initialization
I I
I I !

I i
_.... ! ...... L............... I ........... t _ _ _

A-29



78FM56

Variable List

i
t

I Variable Name
t

IT_FINAL
I

i
I

IT GND

ITHETAR
|
i

ITIME_BIAS_BARO
i
t

i
i

[TIME BIAS_MLS

I
I

ITIME .BIAS_TACAN
i

i

IT_INIT
t
L

|

_T LAST FILT

I

[TRESET
I

IT_SENSORS

i
I
i

I'r_TACAN
!

o • ]_UoE___MU ,DATA
I

!

IX
t

I
I

[VA[_

1
I

I

l l l I
I l ' !

[ Data I Initial [ Coord I

.... I TYpe _[__Value__ _t_ F r_ame___l. .....
I
!

I, S 0 -

i

I, S 0 -

S 0 -
I

I S Pad -

S

S

Variable Description

S

S

S

V(3)

I BIT

!

I

!

',V(3)
I

I

I, S

t

Pad

l
!

l
I

I

l
I

l

I
I

l
I

l
I

l
l

l

l
I

l
l

l

I

Pad I -
!

i

0 I -

!

0 'I --

0 I -
I

t

0 I -
I

|

!
- | --

I

0 ', N50
!
I

!

Off I -

!

- I MSO

I

I

Pad

!
i

I

I
I

!
I

I

I
l

IEnd time of State vector

I prediction
!
!

[Time of uplinked State vector
I
i

IPitch. angle from AAM
!
I

IPad-loaded bias used to correct:

I barometric time tag
I
!

[Pad-loaded bias used to correct

I NSBLS time tag
!

IPad-loaded bias used to correct

ITACAN time tag
!
!

[Time tag of vector input to

I predictor
i
I

[Time of the filter state

Ivector
!
i

ITime associated with reserved
Ireset state
I
!

IGeneral time tag of sensor
[ data
!
I

ITime at which TACAN was read

Unit vector of _ position
vector

Flag indicating whether IMU

'data are to be used for

propagation

IGeneral Shuttle velocity vector

[in M50 coordinates
i
t

IGeneral sensor variance

i
I

O

J
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Variable List

78FM56

l i I I !
! I I ! i

I Variable Name I Data I Initial I Coord I

,'_...............tF vDe __[___V_lue ___t_ Fram____[
I
I

IVAR_ACC_QUANT

I
!

IVAR_ACC_QUANT

ICOAST
i
I

i
!

IVAR_ACC_QUANT_
IIMU
I
i

_VAR_AZMLS
i
!

i
I

IVAR_DRAG
i
I

i
I

IVAR_ELMLS
i
I

I
I

IVAR_HI
i
I

i
I

1VAR_H2
I
i

I
i

1VAR_RMLS
I
i

I

VAR_TAC_BRG_
HIGH

VAR_TAC_BRG_
LOW

I S

VAR_TAC_RHIGH I S

Variable Description

Pad

IVAR_TAC_R_LOW
I
I

I
I

IVAR_UNMOD_ACC_
IDT
I
I

!

Pad

Pad

Pad

Pad

Pad

Pad

Pad

Pad

Pad

Accelerometer quantization
_error variance

I
I

I
t

I

Accelerometer quantization

error variance during

unpowered flight

iAccelerometer quantization

variance during powered flight

_MSBLS azimuth measurement

linstrument variance
I
!

IDrag altitude measurement
Ierror variance
I
I

{MSBLS elevation instrument
Ivariance
!
I

IBarometric altimeter instrument

Ivariance constant
!
I

IBarometric altimeter instrumenti

Ivariance constant
i
I

IMSBLS range measurement
instrument variance

TACAN bearing instrument

variance at high range

TACAN bearing instrument

variance at low range

TACAN range instrument

variance at high range

S Pad - ITACAN range instrument

' Ivariance at low range
I
I

I S 0 - IVariance of unmodeled
I

tacceleration times scale time
I I
I !

I I
¢ L........................... L ........ k ..... I
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Variable List

78FM56

! I I I I
I I I I I
I
, Variable Name I Data I Initial I Coord I

,' ....... kFv___t__v_l_e ___k_ Fr_........ t
I I I
I I I

IVAR_UNMOD_ACC_ I S I Pad

_DT_COAST l I
! , I
I I I
i I I
I I I

IVAR_UNMOD_ACC_ I S l Pad

IDTIMU I 1
| I i
' i I

i i !
| I I

II_CURRENT I V(3) I 0
I i i
' I I

i i, I I
II_CURRENT_FILT ! V(3) I 0
I I I
I I I

I Ii i I
I ! I
I ! !

II_CURRENT_ I V(3) I 0

IFILT_ONE I I
i i I
I ! i

I I !
! I t

II _CURRENT_ I V(3) 1 0

IFILT_THREE _ 1
i i, , I
I, I I
II_CURRENT_ I V(3) I 0

IFILT_TWO I I
i, I 1
!, I l
VEH_MASS 1 S I o

i I ,
t i I

I__FILT I V(3) 1 0
I, I I
! Ii i I
II_FILT._INIT I V(3) I OPS 2/
! I
, , I OPS 3
I ii , I
II_FILT_ONE I V(3) I 0
I, I I
| i !
I I I

II_FILT_THREE I V(3) I 0
I I, i I
! • !I , I
II _FILT_TWO I V(3) 1 0
t II , I
t
|___

Variable Description

MSO

M50

I

MSO

M50
t

M50

V60

MSO

M50

MSO

I
I

_Variance of unmodeled

lacceleration times scale time

{during unpowered flight
¢
I

IVariance of unmodeled

lacceleration times scale time

Iduring powered flight
i
I

IGeneral variable for current

IIMU accumulated velocity
I
I

ISnap of IMU raw velocity
Icounts reserved for

Imeasurement processing
i
I

ICurrent accumulated IMU one

Ivelocity counts reserved for

Imeasurement processing
I
I

ICurrent accumulated IMU three

Ivelocity counts reserved for

Imeasurement processing
I
i

ICurrent accumulated IMU two

Ivelocity counts reserved for

Imeasurement processing
I
I

ICurrent vehicle mass
i
I

IShuttle current velocity

Ivector

I
IShuttle velocity vector for

IOPS 3/OPS 2 initialization

I
IShuttle velocity vector,
IState I
I
!

IShuttle velocity vector,

IState 3

I
IShuttle velocity vector,

IState 2

I ' I....... L ......... _ ...........

I

i
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Variable List

78FM56

Ik

I

41

I I I I
t t | i

I Variable Name I Data I Initial I Coord

._ , _Type t___Valu,% __L_Frame _.+[
!
I

lY._+FINAL
I
I
I
I

IV _GND
I
I

!
I

[V _IMU_RESET

i
l
I

i
I

t
i

I_[_INIT
I
I

i
l

IY__.LAST
I
I

I
I

lJ._LA ST_FILT
l
I
i
i

lY..._LAST_FILT_

IONE
I
I

IV _LA ST_jFILT_

THREE
i
i

I_._LA ST_FILT_

ITWO
I
i

!
t
I
i

{][..RESET

II _RHO
I
I

t
I

II _BHO.._ODY
i
I

I
I
I

V(3)

V(3)

V(3)

V(3)

v(3)

V(3)

I v(3)
i
!
i
I

I v(3)

V(3)

V(3)

V(3)

V(3)
I

' V(3)

M50

M50

Variable Description

Shuttle velocity vector

predicted to T_FINAL

IUplinked velocity vector for

lwhole vector update

M50 Copy of _ _last_FILT reserved

as velocity count at start of

extrapolation interval when

guidance integrator is reset

0

0

M_O _Initial velocity vector input

Ito predictor
I

M50 IGeneral variable for previous

IIMU accumulated velocity
I
I

M50 IPreviously read selected

laccumulated IMU velocity
I
I

M50 IPreviously read accumulated

IIMU I velocity
i
I

M50 {Previously read accumulated

_IMU 3 velocity
i
i

M50 _Previously read accumulated

IIMU 2 velocity
I
I

M50 IVehicle relative velocity

Ivector
I
I

M50 IVehicle velocity vector after

all navigation updates

reserved for reset of guidance

integrator velocity vector

M50 Vehicle relative velocity

vector

I
t
I
I

I
L _'

Body IVehicle relative velocity

Ivector in body coordinates i
I I

I

I
k .......... L .... I
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Variable List

78FM56

!
!

Variable Name
I
| ........

I
I

_]7_ETA_IMAG
!
|

I
i

!
I

[_ETA_REAL

ZONAL

I L___

!
!

i Data

__[ Type

I i
I !

Initial I Coord I

v(4) 0 -

v(4) 0 -

V (4) Pad -

l

!

I l l

I

........ L .......... L .........

Variable Description
!

Complex vector to account for
effect of the Tesseral

harmonics (imaginary portion)

Complex vector to account for

effect of the Tesseral

harmonics (real portion)

,Zonal harmonic coefficients

O

b
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APPENDIXB CONTENTS

78FM56

Subject Page

Deorbit/Landing Navigation SequencerPrincipal Function

DEORBIT/LANDING_NAV_SEQUENCER................... B-5
COVINIT .............................. B-12
COV_INIT_UVW_INVERSE........................ B-14
MID__ELECT............................. B-11
OPS2_INIT(CODE).......................... B-13
OPS_3_INITIALIZE(CODE) ...................... B-7
VECTOR_SELECTION.......................... B-9

Entry Navigation Principal Function

NAV_ENTRY............................. B-15
ACCEL(FUNCTION)......................... B-21
ACCEL_DRAGCODE........................ B-27
ACCELEARTH_GRAVCODE....................... B-23
ANGLE_PARTIALS........................... B-43
BARO_COMP............................. B-53
BARO_NAV.............................. B-51
CENTRAL.............................. B-22
COVEXTRAP_PF............................ B-29
COVINIT .............................. B-12
DENSITY_CODE............................ B-25
DRAG_COMP............................. B-50
DRAG_NAVCODE........................... B-48
ENTRY_SENSOR_SELECTCODE...................... B-33
GRAVITY_GRADIENT(FUNCTION).................... B-31
H_ELLIPSOID(FUNCTION)....................... B-26
MEAS_PROCESSING_STATISTICS_ENTRYCODE ............ B-56
MID_SELECT............................. B-11
NAV_FILTER............................. B-45
NAV_SENSOR_INIT.......................... B-36
NAV_STATE_PROP........................... B-18
OPS__3_DELTA_UPDATE......................... B-32
STATE_UPDATE........................... B-47
SUPER_G_NAV............................. B-20
SV_.INTERP............................. B-42
TACAN_BRG_COMP........................... B-41
TACANNAV ............................. B-37
TACAN_RANGE_COMP.......................... B-44
THREESTATE_TO_ONE_STATECODE................... B-54
UPP_STATE_.RESET.......................... B-55
VECTOR_SELECTION.......................... B-9
__.BEL (FUNCTION)........................ B-28
WHOLE_VECTOR_UPDATE........................ B-17
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APPENDIX B CONTENTS (CONTINUED)

78FM_6

Subject Page

Preland Navigation Principal Function

NAV_PRELAND ............................ B-58

ACCEL (FUNCTION) .......................... B-21

ACCEL_DRAG (CODE) ......................... B-27

ACCEL._EARTH_GRAV CODE ....................... B-23

ANGLE_PARTIALS ........................... B-43

BARO_COMP ............................. B-53

BARO_NAV .............................. B-51
CENTRAL .............................. B-22

COVEXTRAP_PF ............................ B-29
COVINIT .............................. B-12

DENSITY_CODE ............................ B-25

GRAVITY_GRADIENT (FUNCTION) .................... B-31

H_ELLIPSOID (FUNCTION) ....................... B-26

MEAS_PROCESSING_STATISTICS_PRELAND CODE .............. B-65

MLS_EL_NAV CODE .......................... B-64

MLS_NAV CODE ............................ B-62

MLS_RANGE_NAV CODE ......................... B-63

NAV_FILTER ............................. B-45

NAV_SENSOR..INIT .......................... B-36

NAV_STATE_PROP ........................... B-18

OPS_3_DELTA_UPDATE ......................... B-32

PRELAND_SENSOR_SELECT CODE ..................... B-60

STATE_UPDATE ............................ B-47

SUPER_G_.NAV ............................ B-20

SV_.INTERP ............................. B-42

TACAN..BRG_COMP ........................... B-41

TACAN..NAV ............................. B-37

TACAN_RANGE_COMP ....................... B-44

UPP_STATE_RESET .......................... B-55

[_REL (FUNCTION) ......................... B-28

MLS AZ NAV CODE ......................... B-67
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OPS_3_INITIALIZE (CODE)

78FM56

t

e,

i

i

i

ISNAP IMU (y.._LAST_.FILT_ONE, 2..J.,AST_FILT_TWO, 2.._LAST..FILT THREE,
i I
i i

I 2._LAST_FILT, T_LAST,FILT)
i I
I ....... ....... I

I
!

!

I /i_INIT : ,_._.FILT_.INIT I
i I
i I

I .V._INIT = 2. _FILT_NIT I
I I
t t

I T NIT = T_FILT_INIT I
I t
I !

I T_FINAL : T_LAST_FILT I
i I
I I

GMO_PRED = 4
i I
I I

I GMD_PRED = 4 I
! i
I I

{ DT_MAX = DEL_TIME_STEP I
I !

!
!

I
,_=.= _ _L ....

[ CALL: F_TRY_PRECISE_PREDICTOR I C-54
I !

!
!
!

]i_FILT_ONE = ]i._FINAL, 2....FILT_ONE = 2. ...FINAL, .G._RESET = ._._.FINAL

]i_FILT_TWO = ]__FILT_ONE, _ _FILT_TWO = 2. _FILT_ONE

]i _FILT_THREE = ]i _,FILT_ONE, .V._FILT_THREE : .V.._.WILT_ONE

]i _COV_bAST : R _.WILT_ONE, 2_ ..RESET = ]i_FILT_ONE

.V._.RESET = 2- _.WILT_ONE, T_RESET : T_LAST_FILT

NAV__THREE__STATE = ON

i ..IMU__RESET = 2._.LAST_.FILT

i

FILT UPDATE = ON

I-

!
I
i
I

p

(CONT)

I
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OPSj_INITIALIZE (CODE)(CONT)

78FM56

I
i

i
I

I

CALL :COViNIT I
!
I

IN LIST: _%IG_DIAG_UVW_INIT, _ORR_COEFF_INIT, ]i_FILT._ONE, .V...FILT_ONE I
!
i

OUT LIST: E t
I

!........ l

I
l

i

' OPS..3__INITIALIZE__COMPLETE : ON It
I !

B-12
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VECTOR_SELECTION

78FM56

/JI_L.T._2.:_ __ONE, .ll_MS_TWO, 2L_MS_THREE

9.U._:

Q

U

4_

0

,'IMU_STATUS : IMUFAIL I + 3 IMUFAIL 2 + 5 IMUFAIL 3 1
I I
I................ __ I

i
!

I
I

I
I
I
I

I
i

i

' IMU__ \

' \I

__I DO FOR
I

I
i

I STATUS X__I
i / II I

I=o / I
' / I

!
I
I
I

i
• ...... L .......

I CALL:MID_SELECT I B-II
I !
i !

i I

, IN LIST : tLI___ONE I , I_°IS__TWO I, ,

I I
, R_MS_THREE I ,
I I
I I
I I
I OUT LIST: RI
i I
I............... I

__I E : .5(K_MS_TWO I
i I, , + __MS__THREE) I

I IMU_STATUS = I k____.l I............ I

I.................../ t
,' __I _ = .5(_ _MS_ONE I
i I l l

......... t...... , , + K_MS_THREE ,

I IMU_STATUS = 3 k._i _.....................

I................./

i ¸

_t........ I E = .5(__MS ONE I

I IMU_STATUS : 5 k____l + _...MS_TWO
I......... / I......................I

(CONT)
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VECTOR_SELECTION (CONT)

78FM56

I
!

!
I

!

I IMU_STATUS : 4 __._I [ = [._MS_THREE 1
I

!
!

!
!

1
,'IMU_STATUS = 6 ___I _ = __MS_TWO 1

1............... / i i .......1
!
I

!
I

I

I IMU_STATUS = 8 ____._.I _ = _ _MS_ONE 1
I,................/ I ......I

D

b
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MID._SELECT

._: ELEMI,ELEM2,ELEM3

93/_: MID_ELEM

78FM56

Q

m
i
, ELEMI > ELEM2 k_.__{
I
' ..../ I

I
I
I
I

I
I

_{ MID__ELEM = ELEMI I
I I I

....... ' '..... , I MID__ELEM I
__I ELEMI < _.-L-E-M-3--k_.._I i ,
I i _{ I
I I ...... _/ i I

!
I
!
I
I

I __I MTD..ELEM : ELEMI I
I I ' '

I _ .... I

I_I ELEMI > ELEM3k_.__.I
I l

' , I = ELEM2 Z
[ I

,_, ELEM2 > ELEM3k__.I I._________I
I
'- _/ I

I I MID._ELEMI
I I [

I : ELF.3 1
I I

{ MID_ELEM
I I

I [ I' , , = ELEM3 i
I [
,_, ELEM2 > ELEM3X._.._I '

I _/ I
i ' MID__ELEM

: I
I I

I, = ELEM2 I
I I

B-11



IN LIST: ,_IG, _[0R,_, Y.

OUTLIST: E_TEMP

78FM56

I E_TEMP: 0. I
! I

I
!

___ _ I E_TEMP I,I I
I DO FOR I = I TO 6k.___l I
I

, .... / I = SIG I SIG I I
' ' II | _
!
!

I

I E_TEMPI, 2 : C0R I SIG I SIG 2 I
I 1

I E_TEMP 1,4 = C0R2 SIGI SIG4 1
I I
I E--TEMPI ,5 : COR3 SIGI SIG5
I I

t E_TEMP2, 4 : C0R 4 SIG 2 SIG 4 I
I 1
I E--TEMP2, 5 = C0R 5 SIG 2 SIG 5 1
1 t

I E_TEMP3, 6 : C0R 6 SIG 3 SIG 6 I
I i
! I

I E_TEMP4, 5 : COR 7 SIG 4 SIG 5 I
i I
I I

I E_TEMP2, I = E--TEMPI, 2 1
I I
I I

I E_TEMP5, 4 = E_TEMP4, 5 ,I
I
I ___ ...... |

i
I

I

I
, M : UVW_TO M50(_, ]L) 1
! I
I i

I E_TEMP I TO 3, I TO 3 = M E..TEMP I TO 3, I TO 3 MT I
[, I
I E--TEMP4 TO 6, 4 TO 6 = M E_TEMP 4 TO 6, 4 TO 6 M T I
I I

I E_TEMP I TO 3, 4 TO 6 = M E_TEMP I TO 3, 4 TO 6 MT I
! I
! I

I E_TEMP 4 TO 6, I TO 3 - (E--TEMPI TO 3, 4 TO 6 )T I
I I
| __ _ _.................... |

C-47

11,

IJ

41,

4,

B-12



OPS2_INIT (CODE)

78FM56

6

6

I _ _FILT_INIT = _ _FILT {
I #
# I

I ][_FILT_INIT : ][_FILT I
I I
! I

I T_FILT_INIT : T_LAST_FILT I
I I

I
I
I
!

l
i

I CALL : COV_INIT_UVW_INVERSE I
l

° I
I
i IN LIST: E, Jl ..FILT_INIT, ]L_FILT_INIT 1
I I
! I

I OUT LIST : SIG_DIAG_UVW_.INIT , _[ORR_COEFF_INIT 1
! I
i...... . I

B-14

11.
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COV_INIT_UVW__INVERSE

IN LIST: E__TEMP,]i, ][

OUTLIST: SIG, COR

78FM56

I M = UVW_TO_M50(_, _) _ C-47
I I
|..... l

I
!
I
I

L_

E--TEMPI TO 3 I TO 3 = MT E--TEMPI TO 3, I TO 3 M 1
I t, I

I E--TEMP4 TO 6 4 TO 6 : MT E--TEMP4 TO 6, 4 TO 6 M 1
I ' 1

I E_TEMP I TO 3, 4 TO 6 : MT E--TEMPI TO 3, 4 TO 6 M I
!
|......... I

I
I
I
I
I I I

............ L ...... I j

I DO FOR I : I, 6 k.___...l SIG I =_E._TEMPI, I l
1....... / I................ •.... |

!
!
!
!

!
.......... [___

I COR1 = E_TEMPl, 2/(SIG1 SIG 2) 2
! !
| !

I coR 2 = E__MP 1 4/(SIG 1 SIG 4) t
| t !
! I

,'COR 3 : E_TEMPI, 5/(SIGI SIG 5) _
i " !
! i
!

, COR 4 : E_TEMP2, 4/(SIG 2 SIG 4) J
I I

I
COR5 = E_TEMP 2 5/(SIG2 SIG 5) I

I! !
I !

,'COR6 : E_TEMP3, 6/(SIG 3 SIG 6) ,'
! !
I i

I COR 7 : E_TEMP 4 5/(SIG4 SIG 5) I
i ....... !

,ID

4,

B-14



NAV._ENTRY

78FM56

o

!
I

I SNAP ATTITUDE (ALPHAIN, BETAIN, Q_MLO_BODY)
[ ALPHA : ALPHAIN RAD_PER_DEG

I BETA : BETAIN RAD..PER_DEG
i

!
I

|
,L _ _[- .........

t !

I SNAP IMU (][ _CURRENT_FILT_ONE, .I_CURRENT_.FILT_TWO,

I i _CURRENT_,FILT_THREE, ][_CURRENT_FILT, T_CURRENT_,FILT) 1
I !

!
i

!

i !
| |

SNAP BARO ALTIMETER (Q_BARO, MACH_JUMP, BARO_DATA_GOOD, T_BARO)

I SNAP TACAN (Q_TAC_BRG, Q_TAC_R, TAC_RNG_DATA_GOOD, TAC_BRG_DATA_GOOD, T_TACAN,I

SEL_LRU_ID ) I

[ T TACAN : T_TACAN - TIME_BIAS_TACAN, T_BARO = T_BARO - TIME_BIAS_BARO [
| i
|..... I

I
I
l

__, CALL:
|

OP_CODE \ I

I \__I
I = 0001001 / I
i / i

i
i
! ! I

!
!

!
!

!
!

!
I
I
I
|
I

I
I
|

! !
! I

I EXECUTE ENTRY_ I B-33

SENSOR_SELECT CODE {
I l
| ......... l

i
t

i
|

I

!
!

l

i
i

(CONT)

|
|

WHOLE_VECTOR_UPDATE CODE I B-17
| {
l................... |

|

I OP_CODE = 0000000 I I B. _GND : B...,FILT, .Y._GND : .V._FILT l

I....... I I T_GND : " '...... +.............. •__,_S__.;.u._ DELTA_T

,| _ __I DO__DELTA__T__UPDATE = OFF |i

\ I
' | DO_DELTA_T_ k___..lI__1

I UPDATE = ON /

' __/i__

l i

I
I
I

I I
I I

I !, CALL: WHOLE_VECTOR_UPDATE '

I _ I

........ L| ............

I l
I I

1 CALL: NAV_.STATE_PROP I B-18
! !

i

i l
I I

I CALL: COVEXTRAP_PF _
I '

!

I II \ |

I D0_DELTA_ k...___ICALL:
I UPDATE / [

B-29

|

l
l

OPS_3_DELTA_ I
UPDATE

i l

B-32
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NAV_ENTRY(CONT)

I

_ _ I .......

,'DO_TACAN_NAV k._l CALL:
! i

NAV_SENSOR..INIT I B-36
I i
L _ ___I

l
I

I
I

I

L-- _ _,JL i __

I CALL: TACAN_NAV I B-37
I I
I _ ................ I

I
I

I
I

I
........ L

I TACAN_MARK_NUM = TACAN_.MARK_NUM + I I
! I
I ............. !

| .......

I DO_DRAG_NAV _.-----.I EXECUTE DRAG..NAV CODE I B-48
I

I
I

I
I

I
I

I
I

I
I

I
I

l

I DO_I3ARO.._AVX____._I CALL:
L_ _/ I ....

!
I ..... I

I
I

I
I

I
.... L_

I DRAG._MARK_.NUM = DRAG_MARK_NUM + I I
I I

I___L ............ I

BARO_NAV I B-51
i

.... I

I
!
!

i

I BARO_MARK..NUM = BARO_MARK._NUM + I I
I I

I

I EXECUTE THREE_STATE_TO_ONF_TATE CODE I B-54

I ..........I
I
I

I
I

!

I CALL: UPP._STATE_RESET I B-55
l
I............ I

I
I

I
I

I

I EXECUTE MEAS_PROCESSING_,STATISTICS__TRY CODE I B-56
i {

I....... ...... I

p

78FM56

dP

Ib

B-16



78FM56

WHOLE_VECTOR_UPDATE

41,

q&

4_

_i _.INIT : R _GND

y. _INIT : _._GND

T INIT : T_GND I

T_FINAL = T_CURRENT_2ILT

GMO_PRED = 4

GMD__PRED = 4 I

DT__MAX : DEL__TIME__STEP I
!

!
!

l

CALL: ENTRY_PRECISE_PREDICTOR I C-54
x !
i -_!

I
!
I
L_

_. __ILT_ONE = K _FINAL
I /i_FILT_TWO : K ..FINAL

I _ _FILT_THREE = _i..FINAL

y_ _FILT_ONE : _._.FINAL

y.__FILT_TWO = Y...FINAL

I]i _2ILT_THREE = i ._FINAL

_ ONE_OLD : _ ..FINAL

_. _TWO_OLD - _ _FINkL

_. _THREE_OLD = _ ..FINAL

I Y__.LAST_FILT = Y_ _CURRENT_FILT

T_LAST_FILT : T_CURRENT._FILT
!
|__ _ !

1
I

I
_L __

a !
i CALL: COVINIT

I IN_LIST: _IG. DIAG_UPDATE..M50, I
' _OR R__COEFF__UPDATE__M50, 'l !

K ..FILT_ONE, _ _FILT_ONE

I OUT LIST: E l
|

! _!
|....... --

B-12
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NAV_STATE_PROP

78FM56

I DT__FILT:
I
| ___

T_CURRENT_FILT - T_LAST_FILT {
I

__|

I
|
I

| II
I I

I NAV_THREE__TATE \__I
' !

I
I
I
I
!
L__

I T_LAST_FILT : I
I i
I I

I T_CURRENT_FILT I
I I
I .......... I

(co_r)

___I ACC__ENSED = I(3[_CURRENT_FILT -

I Y._LAST_FILT )/DT_FILT I
l
|____ ............

I
!

I ][_LAST_FILT : ][_CURRENT_FILTI
# l
I...... l

l
|

| | USE__IMU__DATA = ON I

I ACC_SENSED > \ I I I
I k.___l I GM_DEG = 2 I
| | 1| ACC_PROP__MIN I I |

i
I
i
$
|
I
i
I

I
!
I
|
I
I

I I GM_ORD = 0 I
I I................... I
I
I
I
I

I
I
I
l

l

,__,'' USE_IMU_DATA = OFF I
l l
l l

|'GM_DEG = 4, GM_ORD = 41
l l
l....... I

....... L ..........

I| CALL: SUPER_G_NAV
l
l

I IN LIST : __FILT_ONE, ]I_FILT_ONE,

[_CURRENT_FILT_ONE,

I_bAST_FILT ONE

]__FILT_ONE, ]L_FILT_ONE,

][ _bAST_FILT_ONE, /_V_FILT_ONE

_ONE_OLD

B-20

I
I

I
|
|

I OUT LIST :
l
I

I
I

I
I
L_

I CALL : SUPER_G_NAV I B-20
I I
I IN LIST: ]_ _FILT_TWO, ][_FILT_TWO, I

I _. _CURRENT_FILT_TWO, I

I _._LAST_FILT_TWO I
| II

I OUT LIST: J_ _2ILT_TWO, ][_FILT_TWO, I

I .V. _LAST_FILT_TWO, /_V_FILT_TWO, I
1 _ _TWO_OLD I
' I| ......

I

(CONT )

@

I

f

B-18



NAV_STATE_PROP(CONT)

78FM56

Q

I
I
I
I

I
..... _L .......

CALL: SUPER_G..NAV

IN LIST:

OUT LIST:

__FILT_THREE, __FILT_THREE,

__CURRENT_FILT_THREE, i

__LAST_FILT_THREE l
I
!

__FILT_THREE, X._FILT_THREE,t

__LAST_FILT_THREE, i

_V_FILT_THREE, C_THREE_OLD I
I

............. |

B-20
I
|

I
I

!
| CALL: SUPER_G_NAV I B-20
I I
!

,__| IN LIST: __FILT, __FILT, __CURRENT_FILT,I
J __LAST_FILT J
l l
I l

I OUT LIST: _ ._FILT, X _FILT, X ._LAST_FILT, 1
I
, _V_FILT, C_OLD 1
I !
|.... _ ,....... |

Q.

B-19



SUPER_G_NAV

78FM56

IN LIST: _, _, X_CURRENT,_..J..,AST

OUTLIST: _, _, X..LAST, _V, __TWO

_l _V = __CURRENT - _.J.,AST I

: USE_IMU_ \ t I .]
t, _.__I
I DATA / '

!
I

t
!
!

I _.j..AST : __CURRENT
t
|___

(
I

i
6

[
___ L_

!

I I I
I__1DV " 0 I

i i

I _. _ONE = ACCEL(GM_.DEG, GM_ORD, _, V, T_LAST...,FILT) I
I I
I I

I R : _ + DT_FILT (_.+ .5 (D..V+ DT_FILT __ONE)) I
I !
I I

i t_TWO : &CCEL(GM..DEG, GM_ORD, R, _, T_CURRENT_FILT) I
t' t
I .Y..: I/ + ,D..V+ .5 DT_.,FILT (__ONE + __TWO) I

I i. I
I _ : _. + - (_._TWO - If_ONE) DT_FILT 2 I
I i

B-21

B-21

o
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Af_ (FUNCTION)

IN LIST: GMD, GMO, _, _, T

78FM56

I
, CALL: CENTRAL I B-15
I, I
I IN LIST: _
I I
I I

t OUT LIST: _CCEL, R..INV [
I !

I
I
I
I
I

I
, GMD _ 0 k__.__l
I ./

,_= O. C-41

I FIFTY : EARTH_FIXED_TO_M50_COORD(T)
I

I _. _.EF = FIFTY T
I
I

I _iR : R_INV _ ..EF
I

....... |
!
!

I
I
!

__ft___ _
!
i EXECUTE ACCEL.J_.ARTtt_.GRAV CODE I B-23
I

I
!

!
I

I

I I
I I

1 I
! !
I ...... | .....
! !! , EXECUTE ACCEL_DRAG CODE i B-27
! ! I
I I .............. I
I
l

l
I
!

_,__ ..... |

I _CCEL :ICCEL + _ + _ I
I I
! ..... I

B-21



IN LIST: .If

OUTLIST: ACCF.L, R._INV

78FM56

I R__INV = 1.1 cI_ll I
! !
I I

I ACCEL = -EARTII_MU R_INV3 A I
I i
|__ __ L .... |

B

|

S

B-22



ACCEL._EARTH_GRAVCODE

78FM56

4,

RO_ZERO : EARTH..RADIUS_ORAV R_INV S
I
i

RO..,N: RO_ZERO EARTH_MU R_.INV2 i
I
$

AI 2 : 3. UR 3 I
i i

I

A2 2 :3. I
7 I

L=I I
!
I

AUXILIARY : O. I
I
I

ZETA_REALI : I.
i

( I

ZETA__IMAG I : O. i
i

I__ i

' { ZETA--REALI + I : URI ZETA--REALI - UR2 ZETA--IMAGI I
..... ! - I

I DO FOR l.__l

I : I TO GMO / i ZETLIMAGI + I : URI ZETA--IMAGI + UR2 ZETA--REALII
......... i

! I
! I__
!
I

I
i

, ,. t AN+I,...... i

DC FOR N : 2 k_____i

I__TOGMD....... I

1:0. I
I
I
I

I AN + I, 2 : (2. N + I.) AN 2 'i i
i1 i

I AN I : AN, 2 i
' ' I
I i

I AN 2 : UR3 AN + I, 2
i I

I I
I I

i K:2
I I
| _ -- !

--I

_L

I _ : _ AUXILIARY .lib I
I _ : FIFTY _i I
I I
I ........... I

I AN - J + I, I : AN - J + Ii 2
I

DO FOR J = 2k._._l AN _ j + I, 2 = (UR3 AN - J + 2, 2

|_TO_N_ ....... I
I
I
I
I
I, K :K+ I
I
l....

-A N- J + 2, I)/K

(co_)

!
|

I
I
I
I
I
I
I
I
I
I
I

B-23



ACCEL_EARTHGRAVCODE

78FM56

!
|
i
I
!

FI:0.

F2=O

F3 = -AI, I ZONALN I
I
I

F4 = -A 1 2 ZONALN I
!

t
I
I
I

FI : FI + NI ANI ' I (CL ZETA--REALNI +
SL ZETA._IMAGNI )

F2 : F2 + NI ANt ' I (SL ZETA--REALNI
-CL ZETA._IMAGNI )

I N__ GMO ___..I DO FOR NI : I _._I DNM = CL ZETA_.REALNI + I + SL ZETA--IMAGNI + 11
I...___/ IF_Q H_ _/ !

!

i*F3 = F3 + DNM AN I + I' I
i
i

I F4 = F4 + DNM AN1 + 1, 2
!
I
!,L - __t_l

I
I
!
I
I
I
i
!

I
i
I

_ I

I
I

I
I
I
I
I
I
I
I
I
I
I

..... L .....

t RO..N = RO....NRO_.ZERO l

t • t
I
i G I : G I + RO_N FI I
!, I
t !
i G2 = G 2 + RO_N F2 i
I I
I I

i'G 3 : G 3 + RO..N F3 'i
I I
I I

[ AUXILIARY = AUXILIARY + RO._N F4 I
I I
I............................. i

A

8

0

B-24



78FM56

DENSITY_CODE

4&

!

!
I

l
I

!
!
I
!

l

[ DNSA = DENSE 4 l
i I

I ALT = H_ELLIPSOID(K) t B-26 _1DNSB = DENSE 5 [
' ' I [ I

,! 1 I DNSC = DENSE 6 [

I i 1..................1
I I

___k .......... I

I ALT > ALT_ZONE_CHANGE \_I

' / I
' I!

! ! !, , I DNSA = DENSE I !

1 1 i [
' I__I DNSB : DENSE 2 [

l I
I I

I DNSC = DENSE 3 1
[................1

! !, RHO : SEA_LEVEL_DENSITY EXP(DNSA + DNSB ALT + DNSC/ALT) ,
! l

!|_ ....

B-25



H_ELLIPSOID(FUNCTION)

78FM56

I !
| I

I H._LLIPSOID(_) : IRI - (I - ELLIPT) EARTH_RADIUS_EQUATOR/ 1

I _I + ((I -ELLIPT) _ - I)(I- (I_NIT(_) • _RTH_POLE) 2) I
I I
I I

O

4J

t

B-26



ACCEL_DRAGCODE

78FM56

I Y.._R : X.-,REL (.y.., R) I B-28
I I

I
I

I
i

I
.......... L .................

Z SA : [SIN (ALPHA)] 2
i
!

I SB = ISIN (BETA)_
I
I

I S2B : 2. SB SQRT(I. - SB2)
i
I

!, CD = [CDF + CDN SA ExP SHAPE FACTOR](1. _ SB) + CDS SB.÷ CDA S2B SA
I
| ............

!

I

_ |

,e.

B-27



.V._REL(FUNCTION)

78FM56

I I._BEL(X, _i)
!

= _ - EARTH_BATE (_RTH_POLE x_) I
!

__|

B-28



COVEXTRAP_PF

78FM56

V

I CALL: VECTOR._SELECTION ',B-9

I NAV_THREE_STATE \_I

,'_--__.... / t IN LIST: _ _21LT_ONE, _ _FILT_TWO, _ _FILT_THREE ,
i i
i i !

i !, S OUT LIST: 2LJILT

I I.................. i
t

GRAV_GRAD_OLD = GRAVITY_GRADIENT(__COV...bAST)

GRAV_GRAD_NEW = GRAVITY_GRADIENT(_..FILT)

PHIl TO 3, I TO 3 = ID_MATRIX_3X3 + (DT_FILT2/2) GRAV_GRAD_OLD

PHI1 TO 3, 4 TO 6 = (DT_.FILT) ID_MATRIX...3X3
!

PHI4 TO 6, I TO 3 = (DT....FILT/2)(GRAV_GRAD_OLD + GRAV_GRAD_NEW

PHI4 TO 6, 4 TO 6 = ID_..MATRIX....3X3+ (DT_FILT2/2)(GRAV_GRAD_.NEW)

I
I

I
i

I !i E : PHI E PHI T i

1............2:....1
I
I

!
I

I ..... !
! uSE_IMU_DATA \ I
1 X._l
I : OFF / I

1................. / 1

!

I VAR....UNMOD_ACC_DT = VAR_UNMOD_ACC_DT_COAST I
! I

t _ VAR_ACC_QUANT : VAR_ACC_QUANT_COAST t
|

I I VAR..ACC_ACC_DT : VAR_UNMOD_ACC_DT_.IMU
! i

VAR_ACC_QUANT = VAR_ACC_QUANT_IMU
i
|.....

B-31

B-31

! I, NOISE : VAR...ACC_QUANT + (VAR_UNMOD_ACC_.DT) DT_.FILT '
( t
i i

NOISE_..R : NOISE (DT_.FILT 2 ) .25
! I
i !

I NOISE_RV : NOISE (DT._FILT) .5 I
i !
t .... !

|
!

I •
l

I
t

(CONT)

B-29



COVEXTRAP_PF(CONCLUDED)

78FM56

,
I

.----_u____ I EI, I = EI, I + NOISE..R ............... ,'
I DO FOR I \ i

i
I

, k__.__l EI + 3, I + 3 = EI + 3, I + 3 + NOISE I
i I I, :I TO3 / , i

I_/ I EI I + 3 = El, I + 3 + NOISE_RV l
I I 9 !
I I __ _ ........ !
I
I

I
I

I

I DO FOR I : I TO 6 k..._i DO FOR J = I TO 6 k__.l Ej I = I
I .... / I,, / I ' E-r,j

--- - ..... |

ill

Jl

8

B-30



GRAVITY_GRADIENT(FUNCTION)

78FM56

I
!

GRAVITY_GRADIENT(K) = (EARTH..MU/_il 5)(3 _ ._T
¢

!
!

,]i, ID__MATRIX_3X 3 ) i
I

..... |

B-31



OPS_3_J)ELTA_UPDATE

78FM56

I NAV_THREE_\ _ CALL: VECTOR_SELECTION _ B-9
i

STATE : ON / _ IN LIST: _ _FILT_ONE, X _.WILT_TWO, _ _FILT_THREE 1

1 S OUT LIST: _._FILT 1

* I i! ..... I

!
i

i

M_TEMP : EARTH._FIXED_TO..M50_COORD(T_LAST..FILT) M..EFTORW T

]_R = M_.TEMP j_R..RW

i! _FILT = R _FILT + D.R
#

][_FILT : Y.jILT + M_TEMP DV.._RW+ EARTH..RATE (_,_RTH_POLE X ]iR)_
i

I ....................... i

!
i

!
i

!
_ L___[____

. I c-41
I
!

I
i

I
I

I
6

I
I

I, CALL: COVINIT i B-12
! i
! I

i
i IN LIST: _%IG_DIAG_UPDATE, _ORR_COEFF_UPDATE, 2_ _FILT, _ __FILT 1
i !
i I

I OUT LIST: E l

l
!

!! _ I _ _FILT_ONE : K ..FILT ,'

' I K_FILT_TWO : __FILT '...... t ............. i

NAV_THREE_.STATE : ON _..._I __FILT_THREE : K_.FILT

!
!

i
!
I

!
!

I

I /LR_RW: 0
' II

I D.V..RW: 0 I
' I!

I DO_DELTA_UPDATE = OFF 1
!, I

I Y._FILT_ONE : ]I.._FILT l

I Y._FILT_TWO : _. _FILT I

I Y._FILT_THREE : I! _FILT I
i I
I.... t

e

t

W
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ENTRY_SENSOR_SELECTCODE

78FM56

DO__TACAN__NAV: OFF_
I

DO_BARO_NAV : OFF 1

I
DO_DRAG_NAV = OFF

I
_J_NSOR_EDIT = OFF 1

_I
I
!

!
I

I H__INHIB : OFF

TACAN..STAT : OFF

I TACAN__EDIT__OVERRIDE : OFF
!

.L...... t TACAN_AIF_RECD : TACAN_AIF
I

i DEORBIT_BURN = OFFk_..__ BARO_STAT = OFF
I

'....... / t BARO__EDIT __OVERRIDE : OFF

BARO_AIF_RECD = BARO_AIF

DRAG__STAT = OFF

DRAG_EDIT_OVERRIDE = OFF

DRAG__AIF_RECD = DRAG__AIF

S-- ___!

I
!

I
!

t
TAC_RNG_DATA_GOOD \

I

, OR k.__.i DO_TACAN_NAV = ON I

_ I TAC_BRG_DATA GOOD / I,. '
! I
I............ / !

i | II [OVERRIDE I

I TACAN__AIF\_I '-'___I

I
!

I

I TACAN.._IF k__l TACAN_ I

I:.-_ I STAT = I
I !

(CONT)
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TACAN__RG_COMP

78FM56

IN LIST: A, _, _V,

OUT LIST: DQ, _.JIESID_TACAN

41"

I CALL: SV_INTERP I B-42

t

IN LIST: T_TACAN, _, _, _V, _ i
i I
I............... _ __ i

I
[

I
I
I

I _EL_R : M_M5OTOTD (A_.RESID -_.._SCANNER) I
I i
I i

I Q : ARCTAN2 (REL..R2, REL_R I) + BIAS_TAC.,_BRG - ANGLE_CORR_TNTOMAG + PI I
I i
I I

I DQ = Q__TAC_BRG - Q, _.j_ESID_TACAN = _..j_ESID {
I I

!
I

' ___ DQ = DQ - 2PI {
i i i Ii

I I___ ...... ____,__!

,'IDQI > PI k__.l DQ > 0 k__.l

I_ _/ I_/ I
' ' DQ = DQ + 2PI I

i |
i............... i
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SV..INTERP

IN LIST : T_SENSORS, A, V, _.V, ._

78FM56

I DT_INTERP : T_SENSORS - T_LAST_FILT I
I I
I ...... _|

I
I __I __RESID = _ I
I I I I
_L .......... I I ......... i

I IDT._INTERPI I EPS_TAG ____I
I
,............ I I

I .
I
I

.... L ,i

I __RESID : _ + DT_INTERP (_ + .5 DT_INTERP 1
i I
i
I
, (_V/DT_FILT + _) ) I

I _ I

o

e
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ANGLE_PARTIALS

IN LIST: _._SENSOR,i--Z

78FM56

i .._EL_R : _ _RESID - E _SENSOR I
I

, I
I IZ_CROSS._RELR = _ ._Z X _EL..R I
i I
t I

i

' BI TO 3 = 3_Z--CROSS--RELR/I_LZ--CROSS--RELRI2 I
I I
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TACAN_RA NGE_COMP

78FM56

IN LIST: _, X, _V,

OUT LIST: DQ, __RESID_TACAN

!
, CALL: SV_INTERP I B-42
! !
! !

!

, IN LIST: T_TACAN, _, _, _V, _ I
!
s I

!
!

!
!

I

I Q = I__,_ESID -K..,SCANNE_I ÷ B_S_TAC_R
!
|

I DQ = _..TACj- Q
!
!

I _...BESID_TACAN = _jESID
!

| ......... _ ..... |

,0'

Q

B-44



78FM56

NAY_FILTER

41"

I y__copY : E B I
I I
I !

I BT_E__B : B- (_B_COPY) I

1...... I
!
I

!
I

|

I (E_ _ + * 3) > \, E2, 2 E3,
I X____l

I

I MS_ POS UND_WGT / ,
' ,/ 1
|__

I
$

I
!

!
I .
-- |

I MS_DELQ = BT_E_B + VAR
, I

,'RESID_TEST = K_RES_EDIT MS_DELQ _

I
I

I
I

I

I STAT_FLAG k____..l EDIT_FLAG = STAT I

I. / I I............ I
I

!

I
I

I
!

I VAR : VAR ÷ K_UND_ I

I
_T (BT_F_) I

I

(CONT)
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STATE_.UPDATE

IN LIST: _, X, DQ

OUT LIST: _,

78FM56

4_

I K = _ + 9_MEGA I TO 3 DQ I
!

, i
I [ = _ +9.MEGA 4 TO 6 DQ
I !
|___1 __|
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DRAG_NAYCODE

78FM56

I !
i CALL: VECTOR SELECTION , B-9
; !
| i
i g
i IN LIST: __FILT_ONE, _..FILT_TWO, _..FILT_THREE !

I
i
i
I
I

.___ i

I

!
! OUT LIST: _..FILT
i

!
i
&

I BI TO 3 : Ij.NIT(_._.FILT) 1
! I
! I

I VAR : VAR..DRAG 1
I I

!
i

i

CALL: SBODY_TO.,.N50 _ C-48
I
!

IN LIST: Q_MLO_BODY 1
i
I

OUT LIST: N_SBOD_50 1
I

I
!

I CALL: DRAG_COMP I B-50

! I

I IN LIST: _II_FILT_ONE, .V...FILT_ONE, _.V_FILT_ONEI
I i
I I

i IOUT LIST: DELO._ONE
! !

I
I

_-CALL: DRAG_COMP _ B-50
I i
I !

I IN LIST: ]I_FILT_TWO, .V._FILT_TWO, DV__FILT_TWOI
I i
i i

I OUT LIST : DELQ..TWO 1
i i
t................. , .............................. t

I
I

I CALL: DRAG_COMP I B-50
I I
! I

I IN LIST: __FILT_THREE, _..FILT_THREE, _V._]FILT_THREE 1
! !
i !

I OUT LIST: DELQ._THREE 1
! i

t ,
t

(CONT)

,e.

Q
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DRAG._NAVCODE (CONCLUDED)

78FM56

CALL:

!
I

I
I

I

VECTOR_SELECTION

IN LIST: (DELQ_ONE, 0., O.)(DELQ_TWO, 0., O.),

(DEL0_THREE, 0., 0.)

OUT LIST: (DELQ, 0., 0.)

| --_ ............

!
|

i
_L_

I_ MANUAL_EDIT_OVERRIDE : DRAG_EDIT_OVERRIDE i
!

I STAT_FLAG = DRAG_STAT
i

I I

I

!
_1_.

I K_RES_EDIT : K_EDIT_DRAG I
I I

L '
I

I

_L.... • J,

[ CALL: NAV_FILTER [ B-45
| !
L i

|

l
L _ _

SENSOR_EDIT 4 : EDIT. FLAG
|
!

I SENSOR_RESID--TEST4 = R_'SID.__._'_=_T
I
I

[ SENSOR_DELQ 4 : DELQ
!
¢

I B-39
i
|

!
!

I
t

i
I

!

--L.|

B-9
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DRAG_COMP

78FM56

IN LIST: _, X, _V

OUTLIST: DQ

I ][ _RHO: ][ _BEL(I, ]i), _ Y.._RHO= I/NIT(I[ _RHO)
[
i

I .V__RHO_BODY : M_SBODYML0 T ___._HO
!
I

I ALPHAR : IARCTAN(V_RHO_BODY3/V..RHO_BODY I)I
I
I

I B-28
i
i

I
I

I
I

I
I

i
I

I C_DRAG : C..DRAG_ZERO + ALPHAR (C_.DRAG_ONE + ALPHAR C_DRAG_TWO) I
I i

I
I

i
i

!

I Q : H__LLIPSOID(_) I B-26
I I
I !

I
I

I
i

i

_L .......

I DO FOR I : I, 4 k.___l Q > DENSITY_bIMIT I k.___l LAYER : I I

I ,m
!

!
I

t

IH_S : SCALE..HTLAYER, RHO_ZERO : BASE_DENLAYER, BIAS_DRAG : BIAS._DRAG_bAYERLAYERI
t
I................. I

I
I

I
!

I

Q.DRAG = H_S ln(C__DRAG DRAG_CONST RHO_ZERO DT_FILT [

(_ _.RHO • V ..RHO)/ I(_ _._J_HO • ._V)I) I
!
I

DQ : Q_DRAG - Q - BIAS_DRAG I
!

i....... _ .... I

,O
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BAR0_NA V

78FM56

I, CALL:

I BARO__DATA_GOODk___t NAV__THREE__STATEk.___
i _I I

VECTOR_SELECTION I B-9
I
$

I
I
i

I
I

I

I B I TO 3 .=I[NITI
I (]i..FILT ) I

I _LJ
!
I

!
__= ___ | -= ______

IVAR = VAR_HI + I

,' VAR_H2 ,'

I (Q-ALT_RW) 2 1

t
I

I
............... ,:-_L .........

I MANUAL_EDIT_OVERRIDE : BARO_EDIT_ I

i OVERRIDE I

I STAT_FLAG = BARO._STAT 1
! I
! ..... ,.................... I

I
I

I

I K_RES_EDIT = K_EDIT_BARO 1

I
I

!
_ L .....

! !, IN LIST: ___FILT_ONE, '

I K_FILT_TWO,

I I, K__FILT__THREE i
I I
I t

I OUT LIST: __FILT I
I I

I ........... I
I
I

I

CALL: BARO_COMP

IN LIST: ]l _FI LT_ONE

_._FILT_ONE ,

]IV_FILT_ONE, _ _ONE_OLD

OUT LIST: DELQ_ONE, Q_ONE

I
I

i

I CALL: BARO_COMP
!
I

I IN LIST: 2_ _FILT_TWO, _. _FILT_TWO,

_V_FILT_TWO, _ _TWO_OLD
I
I

I OUT LIST: DELQ_TWO, Q_TWO
i
I........................ I

B-53

IB-53

I CALL: NAV..FILTER IB-45
i i

I
I

I
__L ......

I _M_D _T_ _T_"Ta G

I
t

I SENSOR_RESID_TEST 3 : RESID_TEST
I
t

I SENSOR_DELQ 3 = DELQ
I

(CONT)

CALL: BARO_COMP B-53

IN LIST: ]i __FILT__THREE,

, y. _FILT__THREE,
]_V..FILT__THREE,

, _.__THREE__OLD

OUT LIST : DELQ._THREE,

Q_THREE

I......................... I

I
|

I
!

CALL: VECTOR_SELECTION _B-9
I

IN LIST: (DELQ_ONE, Q_ONE, 0.) i

(DELO__TWO, Q_TWO, 0.)
[(DELQ__THREE, I

Q__THREE, O. ) I

OUT LIST: (DELQ, Q, O Z
i

i ................. I

B-51



BARO_NAV(CONCLUDED)

78FM56

I
I
!
I
I

I CALL: BARO_COMP I B-53
I I
! I

I IN LIST: __FILT, X..FILT,I
I

_V_FILT, __OLD I
I
, OUT LIST: DELQ, Q I
I I

o
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BARO_COMP

IN LIST: _, X, _V,

OUTLIST: DQ,Q

78FM56

4_

I CALL: SV_INTERP Z B-42
I, I
I IN LIST: T_BARO, _, _, _V, _ I
i I
I .... I

I
!

I
I

!
.......... L

Q : H_ELLIPSOID (__BESID) + BIAS_BARO I B-26

-DELH_MSL_ELLIPSOID_RW

DQ : Q_BARO-Q

| ....
..... |

B-53



78FM56

THREE_STATE_TO_0NE_STATECODE

CALL: VECTOR_SELECTION _ B-9
I
I

IN LIST: _ JILT_ONE, ]i. _.WILT_TWO, _ _FILT_THREE I
i
I

OUT LIST: __FILT l
I

I........ I

i
I

I
I

CALL: VECTOR_SELECTION _B-9
I
I

IN LIST: __FILT_ONE, __FILT_TWO, __FILT_THREE I

I
OUT LIST: __FILT i

i

|......... _ ...........

i
I

I
I

I
.......... L ....

I CALL: VECTOR_SELECTION B-9
i
I

l
| IN LIST: __ONE_OLD, __TWO_OLD, __THREE_OLD
i
I
|| OUT LIST: __OLD

o

Q
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UPP_STATE_RESET

78FM56

/i_RESET : _ _FILT
i
i

]I...RESET : _. _FILT i
!
!

Y._IMU_RESET : _ ._LAST_FILT 1
I
I

R _COV_LAST : ]i _FILT 1
i
I

_i._RESET : _. _OLD 1
I
S

T_RESET : T_LAST..FILT 1
i
i

FILT_UPDATE : ON I
I

l,
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MEAS_PROCESSING_STATISTICS_ENTRY CODE (CONCLUDED)

78FM56

!
!

i
!

!
!

!
!

!
!

i
I

!
I

i
..... L .....

I
!

i

JI = 5 \_I JI = I 1
1....... / I_I

I
t

I
A

I COLUMN : JI 1
I l
! i
i

! SUMI = SUMI - EDITJRRAYI, COLUMN I
! I

I
t

!

_.------a---_n 1 EDITJRRAY I COLUMN : I 1

I SENSOR_EDIT I : ON \ .... I 1

I____/ I SUM I : SUM I + I I
l I

I

'--' EDITJRRAYI, COLUMN = 0 I
I !

--_ DISP_EDIT I : + I
i I I
! I ............... !

: SUM I > K_MAX k___.I

i , T_ i,__, DISP.J_DI -BLANK ,
&

I I
! ............... i

I.

NOTE: THE CORRESONDENCE BETWEEN THE INDEX

i AND THE MEASUREMENT TYPE IS AS

FOLLOWS: I~TACAN BEARING, 2~TACAN RANGE,

3-BARO ALTITUDE, AND 4-DRAG ALTITUDE.

FOR FURTHER INFORMATION SEE NOTE ON FLOW CHART

FOR MEAS_PROCESSING_STATISTICS_PRELAND

B-57



NA V_PR ELA ND

'TAFM56

I SNAP IMU (_. _CURRENT FILT, T_CURRENT_FILT)

i
!

SNAP BARO ALTIMETER (Q_BARO, MACH_JUMP, BARO_DATA_GOOD, T_BARO)

SNAP TACAN (Q_TAC_BRG, Q_TAC_R, TAC_RNG_DATA_GOOD, TAC_BRG_DATA GOOD,

T TACAN, SEL_LRU_ID)

T_BARO = T_BARO - TIME BIAS_BARO

T_TACAN = T_TACAN - TIME_BIAS_TACAN

I
I

I

I SNAP MSBLS (QRANGE, Cc.AZMLS, Q_ELMLS, MLSRANGE_DATA_GOOD,

I MLSAZ_DATA_GOOD, MLSEL_DATA_GOOD, T EF RMLS,

1 T_EF AZMLS, T_EF ELMLS)
|
I

PITCH__M = THETA RAD PER_DEG
I
I

I T_EF RMLS : T_EF RMLS - TIME_BIAS_MLS
I
I

I T EF AZMLS = T EF AZMLS - TIME._BIAS_MLS
I
I

,' T_EF ELMLS = T_EF_ELMLS -TIME..BIAS_MLS

1
I
I

I
_ l,.

I CALl.: NAV_STATE_PROP I B-18
! I

i
I

L.

I
, CALL: COVEXTRAP_PF I B-29
! I

i
I

I EXECUTE PRELAND SENSOR_SELECT CODE _ B-60
I I

1
I

I
i

I DO_DELTA UPDATE k..___l CALL:

!
I

(CONT)

OPS_3_DELTA_UPDATE _ B-32
I
I

I
I

I
I

I
I

I
I

I
I

I
I

1
I

I
I

I
I

I
I

I
I

I
I

I
I

I

Q
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NAV_.PRELAND (CONCLUDED)

78FM56

I
I

I

DO_MLS..NAV k._l EXECUTE MLS_NAV CODE _ B-62
! / I I
I. / I .... _, ...... L__I

I I
I I

I I

,' ,_MLS__MARK__NUM : MLS..MARK__NUM + I ,'
! i I

I I,,. _I

I
I

I

I DO_TACAN_NAV X._[ CALL: NAV_SENSOR_INIT I B-36

i I t I II ,_ I

I I
! I

I I
I ......... L ..........

i I, , CALL: TACAN_NAV I B-37
i I I

I I
I !

| I

I _ TACAN_MARK_NUM : TACAN_MARK..NUM + I I
I i I

I
I

I

I DO_BARO_NAV k_,_l CALL: BARO_.NAV I B-51
i -I I i

I
I

I

BARO_MARK_NUM : BAR0_MARK_NUM + I I
I I

' CALL: UPP_STATE_RESET I B-55

I

: ............ ............___,_o,_o L-n..u_su CODE i B-65
, I
I I

IP
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PRELAND_SENSORSELECTCODE

78FM55

DO_BARO._NAV= OFF

DO_TACAN_NAV= OFF

DO_MLSNAV= OFF

BARO_EDIT_OVERRIDE= OFF

TACAN_EDITOVERRIDE= OFF

BARO_STAT= OFF

TACAN_STAT= OFF

_ENSOR_EDIT= OFF

BAROAIF_RECD= BARO_AIF

TACAN_AIF_RECD= TACAN_AIFi

I MLSRANGE_DATAGOOD\
I MLS_AVAILk____l AND
I
, __/ { I MLSAZ_DATA GOOD

I i I
I I I__

I I
I I

I !
I __t __

II l'MLS_R_AZ__GOOD : OFF sl
I I I

I I __ .__!

' R__AZ COUNT : 0
I !

' ' MLS__R__AZ GOOD : ON {
I I I

I I ..... ____1

/ 1
.... / 1

I I
m__, R__AZ__COUNT : R_AZ__COUNT + I 1

I I
I _ _ ...... I

I
I

!
I

I

I RJZ_COUNT >
I
I

!
, R__AZ_CO UNT_MA X

I................./

\ I MLS_R_AZ GOOD : OFF I

k__l

/ I MLS COV_INIT : OFF I
I I

(CONT)
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MLS NAV CODE

78FM56

[ MANUAL_EDIT OVERRIDE = OFF
I !
! !

[ STAT__FLAG = OFF [
I !

I
I

I
!

[ MLSRANGE DATA GOOD k___l EXECUTE MLS_RANGE_NAV CODE I B-63
II I I I

I
I

I

[ MLSAZ DATA GOOD k____[ EXECUTE MLS_AZ NAV CODE I B-67

I
I

I

, M_EL_DATA OOOD X____I EXECUTE M__EL.._AV CODE I B-64
I .-/ L_ I
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78FM56

MLS_RANGE_NA V CODE

CALL: SV INTERP _ B-42
i
i

IN LIST: T_EF__RMLS, _ _FILT, _ jILT, _V._FILT, _ _OLD
I

!
!

i
A

I VAR : VAR_RMLS
i i

I

I

I ]|_SCANNER : EARTH_FIXED_TO..M50_COORD(T_EF_RMLS)B..[.RMLS_EF I C-41
, l
i I

|
, Q : {__RESID - _..$CANNERI + BIAS_RMLS
i
l

I DELQ : Q_RANGE - Q
i
i ____,____,l

|
|

!

BI TO 3 : _NIT(]I_BESID - ]I_SCANNER)I
! [

|
!

J •

I K RES_EDIT : K_EDIT_MLSR
t i

|

!
L

!
! CALL: NAV_FILTER I B-45
| I

|
!

I
l

I SENSOR_EDIT 6 : EDIT_FLAG
| i

_VN_N_ _q_ m_ 6 = _T_ _

I I

SENSOR_DELQ 6 : DELQ
| I
t......... -,, |

b
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MLS EL_NAV CYDE
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f i B-42CALL : SV_INTERP i
! !
I i

! IN LIST: T_EF_ELMLS, ]__FILT, ][_FILT, j_V._FILT, __OLDI
! I

!
L

I

I _++

M_EFTOM50 : EARTH_FIXED_TO MSO COORD(T_EF ELMLS)

__ELMLS = M_EFTOM50 __ELMLS_EF

VAR : VAR_ELMLS

M_M50_TO_SCANNER : M_EFTORAD_EL M_EFTOM50 T

: M_MSO_TO_SCANNER(__RESID - __ELMLS)

R RHO : i

Q = ARCTAN(R3/R I) + BIAS_ELMLS

Q = Q + MLSANT NB_DIST SIN(Q + PITCH_M - MLSANT_ANG)/R_RHO

DELQ : Q_ELMLS - Q

i°

I CALL: ANGLE PARTIALS I B-43
! !

I IN LIST: ]_ELMLS, -M_M50_TO__SCANNER 2 I TO 3

i. _ i

!
I

I

K RES EDIT : K EDIT MLSEL t
! !

I
I

I

!, CALL: NAV_ylLTER I B-45
i I

I

!

I SENSOR_EDIT 7 : EDIT_FLAG I
I I
I I

I SENSOR_RESID_TEST 7 : RESID_TEST
I !
! |

I SENSOR_DELQ?, : DELQ I
I I

C-41
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MEAS_ PROCESSING _STATISTICS _ PRELAND CODE

78FM56

e

t EVLT : ON
I I

i
I

!

I SENSOR_EDIT 5 =
I
1

t PROCESSED AND

I

SENSOR_EDIT 6 =
1 /

I
I

I
I
I
|
I
I

I

I
I
I

\

\

\

>---I

/ I : OFF
I

,iN_SEQ : I
I

I RAW._RA_PROC \ I SENSOR_EDIT7\
k.__ k_.__l EV LT : OFF I

/ I I = PROCESSED / 1 ___
-/ I i

I
I

I
I

_ IIEV__LT : OFF Ii
I I

I
I

I
I

\

k.___l NAV_EL_FLAG = ON I

_SENSOR DELQT I/ t

I
!

II ,lNAV__EL__FLAG = OFF {
I
EV LT : OFF \_I I

[

I !

' ' I N__SEQ >
' , I N__SEQ : N__SEQ + I _ '
i I I
' '......... , I N__SEQ__MAX
I

!
|

I
_L

DO FOR I : \
!

I TO 7 / I = OFF

' ISP_DELQ I, D = BLANK I

I SENSOR_EDITI\ _I I

k.___l I DISP_SIG I : BLANK l
/ I I _ I

l
I

I SENSOR_RESID \ IDISP SIG ! :

, __..t
I "P_'_'T'_ % _ / I

l
i....... / {

!
I
!

..... i

liDISP DELQI : SENSOR__DELQI tl
i I
I....... ._I

i
I

!
i

I
I

(CONT ) • (CONT )
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MLS AZ NAV CODE

I
I

I CALL: SV INTERP
I
I

I IN LIST: T EF AZMLS, R
I
I

FILT, V__FILT, DV FILT, G

I
I
l

OLD I
I

M__EFTOM50 : EARTH_FIXED_TO_M50_COORD (T_EF_AZMLS)

R AZMLS : M_EFTOM50 R __AZMLS_EF

VAR = VAR AZMLS

M_M50_TO_SCANNER : M_EFTORAD R_AZ M_EFTOMSO T

= M_M50_TO_SCANNER (R_RESID - R AZMLS)

Q : ARCTAN (R2/R I) + BIAS_AZMLS

DELQ_ : Q__AZMLS - Q

I
!

I CALL: ANGLE_PARTIALS
I
I

I IN LIST: R_AZMLS, M_M50 _i'O_SCANNER3, I TO 3
I
)

I
I

1
I
!

I K_RES.__EDIT = K_EDIT._MLSAZ
I
|_,,

I
|

I
I

I
I'

' CALL: NAV FILTERI

I
I

|
l

l
I

SENSOR__EDIT 5 : EDIT__FLAG

SENSOR__RESID__TEST 5 : RESID__TEST
)

SENSOR__DELQ 5 = DELQ
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ZM

Earth's mean rotational

axis of epoch

/

Center of Earth

\

YM

XM

Mean vernal equinox
of epoch Mean equator

of epoch

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Aries mean of 1950, Cartesian, coordinate system

The center of the earth

The epoch is the beginning of Besselian Year 1950 or
Julian ephemeris date 2433282.423357.

The XM-Y M plane is the mean earth's equator of epoch.

The XM axis is directed toward the mean vernal equinox
of epoch.

The ZM axis is directed along the earth's mean rotational
axis of epoch and is positive north.

The YM axis completes a right-handed system.

Inertial, right-handed Cartesian system

ARIES MEAN OF 1950, CARTESIAN
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ZG

Earth's true-of-date
rotational axis

/ \
\

Center of Earth

XG

Lprime (Greenwich)
meridian

equator

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Earth fixed (Greenwich true of date) coordinate system

The center of' the earth

The XG-Y G plane is the earth's true of date equator.

The ZG axls is directed along the earth's true of date
rotational axis and is positive north.

The +XG axis is directed toward the prime meridian.

The YG axis completes a right-handed system.

Rotating, right-handed Cartesian. Velocity vectors

expressed in this system are relative to a rotating
reference frame fixed to the earth, whose rotation rates
are expressed relative to the Aries mean of 1950 system.

EARTH FIXED GREENWICH TRUE OF DATE
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ZTR

Earth's true-of-date
rotational axis

e

Center of Earth

\
\

YTR

XTR

True equinox
of date

True of date equator

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Aries true of date, Cartesian, coordinate system

The center of the earth

The epoch is the current time of interest.

The XTR-YTR plane is the earth's true equator of epoch.

The XTR axis is directed toward the true vernal equinox

of epoch.

The ZTR axis is directed along the earth's true rotational

axis of epoch and is positive north.

The YTR axis completes the right-handed system.

Quasi-inertial, right-handed Cartesian

ARIES TRUE OF DATE, CARTESIAN
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Z G

t

YG

t

XG

Prime (Greenwich)
meridian

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Geodetic parameters

This system consists of a set of parameters rather than

a coordinate system; therefore, no origin is specified.

This system of parameters is based on an ellipsoidal

model of the earth (e.g., the Fisher ellipse of 1960).

For any point of interest we define a llne _mown as the

geodetic local vertical which is perpendicular to the

ellipsoid and which contains the point of interest.

h, geodetic altitude, is the distance from the point of

interest to the reference ellipsoid, measured along the

geodetic local vertical, and is positive for points

outside the ellipsoid.

is the longitude measured in the plane of the earth's

true equator from the Prime (Greenwich) Meridian to the

local meridian, measured positive eastward.

¢D is the geodetic latitude, measured in the plane of the

local meridian from the earth's true equator to the

geodetic local vertical, measured positive north from

the equator.

NOTE: A detailed explanation of declination, geodetic

latitude, and geocentric latitude is provided

in Part B of this figure.

Rotating polar coordinate parameters. Only position vectors

are expressed in this coordinate system. Velocity vectors

should be expressed in the Aries mean of 1950 or the

Aries true of data polar for inertial or quasi-inertial

representations, respectively.

(A) BASIC DEFINITIONS - GEODETIC PARAMETERS
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ZG

h

NAME:

DEFINITIONS:

Geodetic parameter's

h is the altitude of point P. Measured perpendicular

from the surface of the referenced ellipsoid.

CD is the geodetic latitude of point P.

¢C is the geocentric latitude of point P.

is the angle between radius vector and equatorial

plane (declination).

is the longitude of point P. Angle (+ east) between
plane of the figure and the plane formed by the Greenwich
mer idian.

(B) DETAILED EXPLANATION - GEODETIC PARAMETERS
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North

, Earth's true of date

rotational axis

J ZTR Ellipsoid

U

YIR

^TR

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Topodetic coordinate system

Orbiter center of mass*

ZTD is normal to a geodetic local tangent plane and is

positive toward the earth's center.

XTD is perpendicular to ZTD axis and is positive northward

along the meridian plane containing the orbiter.

YTD completes the right-handed orthogonal system

Rotating. right-handed C_ian _y_tem. Velocity ":cctora

are _xw_ _e nn vL,_ system for the orbiter, given relative

velocity VTD in this system.

-ZTD

Y/D : sin-1 ....
VTD

_TD
_D = tan-1 ....

XTD

CD : geodetic latitude

*A similar system may be defined for any point of interest

TOPODETIC COORDINATE SYSTEM
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N

XRAD

YRAD

t

NAME:

ORIGIN:

ORIENTATION AND DEFINITIONS:

CHARACTERISTICS:

MSBLS radar coordinate system

MSBLS radar position

ZRA D is normal to the ellipsoidal

model, positive away from the center
of the earth

XRA D is the local horizontal plane

of the radar in the boresight direction

of the radar antenna. The angle AZ is

measured positively clockwise from true

north to XRA D

Rotating, earth-referenced

MSBLS RADAR COORDINATE SYSTEM
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-Z o

400 in.

X0 = 0

XB : 198

XT : 741

f

+X 0

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Body coordinate system (structural)

In the orbiter plane of symmetry, 400 inches below the

centerline of the payload bay and at orbiter X-station : 0

The x 0 axis is in the vehicle plane of s_etry, parallel

to and 400 inches below the payload bay centerline.

Positive sense is from the nose of the vehicle toward the

tail.

The Z0 axis is in the vehicle plane of symmetry, perpen-

dicular to the X0 axis. Positive upward in landing
attitude.

The YO axis completes a right-handed system.

Rotating, right-handed Cartesian

BODY COORDINATE SYSTEM (STRUCTURAL)

C-]5



18FM56

+ Roll

peed resolver

(Ix/8x) Gyro coordinate resolver

Two-speed resolver

(lx/Bx)_ tch

SA

G2

_Single speed (8x) _"_J

resolver (redundant roll) _'_BA

+Azimuth

_Two-speed resolver

(lx/8x)

NAME:

ORIGIN:

ORIENTATION:

Stable member (IMU)

The intersection of the innermost gimbal axis and the

measurement plane of the XY two axis accelerometer

The Z I axis is coincident with the innermost gimbal axis.

The X I axis is determined by the projection of the X

accelerometer input axis (IA) onto a plane orthogonal to

ZI" YI completes a rlght-handed triad.

In a perfect IMU, with all misalignments zero, these

relationships hold:

The X accelerometer and X gyro IAs are parallel to the X I axis.

The Y accelerometer and Y gyro IAs are parallel to the YI axis.

The Z accelerometer and Z gyro IAs are parallel to the Z I axis.

STABLE MEMBER (IMU)
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78FM56

Nonrotating, right-handed, Cartesian system.

The reference alignment for the gimbal case shall be

defined with the four gimbal angles at zero and with

the vehicle in a horizontal position. In a perfect

IMU, with all misalignments zero and with all gimbal

angles at zero, the following rel_tionships hold.

The outer roll axis and the Xi-axis will be parallel

to XNB. Positive X I will be in the forward direction.

Positive roll gimbal angles will be in the sense of a

rlght-handed rotation of the gimbal case relative to

the platform about the plus outer roll axis.

The pitch axis and YI will be parallel to YNB" Posi-

tive YI will be to the right of an observer looking
forward in the vehicle. Positive pitch gimbal angles

will be in the sense of a rlght-handed rotation of the

gimbal case relative to the platform about the plus

pitch axis.

The inner roll axis will be parallel to the outer roll

axis, with the sense of rotation the same as for the

outer roll axis.

The azimuth axis and ZI will be parallel to ZNB.

Positive ZI will be down relative to an observer standing
in the vehicle. Positive azimuth gimbal angles will be

in i-.h_ _n_ of a _g_-_d _a rotation of the "_'

axis.

XNB, YNB, ZNB are Cartesian components of the navigation

base coordinate system.

STABLE MEMBER (IMU)
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North

XTR

Fischer

ellipsoid

Equator "-

XTD

Topodetic

YTR

NAM E :

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

NWU geographic coordinate system

Point of interest

U is positive up along the earth's astronomic or

plumb-bob vertical.

W is positive along the cross product of U and

the Earth's spin axis.

N completes the right-handed orthogonal system.

Rotating, right-handed, earth referenced

coordinate system

(N :WxU)

@

NWU GEOGRAPHIC COORDINATE SYSTEM
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4_

XBy P

YBY +Pitch /

Center

of gravity

ZBy

+Yaw

78FM56

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Body axis coordinate system

Center of mass

XBy axls is parallel to the orbiter structural body X0
axis; positive toward the nose.

ZBy axis ls parallel to the orbiter plane of symmetry and
is perpendicular to XBy, positive down with respect to
the orbiter fuselage.

YBY axis completes the right-handed orthcgonai system.

Rotating, right-handed, Cartesian system

L, M, N: Moments about XBy , YBY, and ZBy axes, respectively

p, q, r: Body rates about XBy , YBY, and ZBy axes, respectively

_, _, @: Angular body acceleration about XBy , YBY, and
ZBy axes, respectively

The Euler sequence that is commonly associated with this
system is a yaw, pitch, roll sequence, where $ = yaw,
6 = pitch, and $ = roll or bank. This attitude sequence

is yaw, pitch, and roll around the ZBy , YBY, and XBy axes,
respectively.

(a) Basic definition.

BODY AXIS
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Geocentric radius

vector of vehicle

Direction

of motion

V

Vehicle orbital
plane

NAME:

ORIGIN:

ORIENTATION:

P

CHARACTERISTICS :

UVW coordinate system

Point of interest

The U-V plane is the instantaneous orbit plane at epoch.

The U axis lies along the geocentric radius vector to

the vehicle and is positive radially outward.

The W axis lies along the instantaneous orbital angular
momentum vector at epoch and is positive in the direction
of the angular momentum vector.

The V axis completes a right-handed system. (V = W x U).

Quasi-inertial, right-handed Cartesian coordinate system.
This system is quasi-inertial in the sense that it is

treated as an inertial coordinate system, but it is
redefined at each point of interest.

UVW COORDINATE SYSTEM

C-20



78FM56

ENTRY OPERATIONS COMPUTER LOAD

GENERAL REQUIREMENTS VARIABLE LIST
AND FLOW CHARTS

C-21



78FM56

This page intentionally left blank.

Q

C-22



Variable List, Deorbit - Landing ComputerLoad

78FM56

Variable name
Data Initial Coord

type value frame Variable description

A M(3X3) 0

ALPHA S 0

ALPHAIN S 0 --

ALT S 0 --

ALT ABOVE ELLIPSOID V(10) I-load --

ALT MLSEL S 0 --

ALT MLSEL PSL F I-load --

ALT MLSEL SSL F I-load --

A__I R S 0

ALT MLS R AZ PSL F

ALT MLS R AZ SSL F

I-load --

I-load --

ALT RW S 0 --

ALT TACAN_SL(I) V(3) 0 --

Transformation matrix from

body to M50

Angle of attack used in

state prddiction (radians)

Snapped copy of angle of

attack (degrees)

Current Orbiter altitude

above reference ellipsoid

Altitude of the TACAN sta-

tion above the reference

ellipse

Altitude above reference

ellipsoid of MSBLS elevation

scanner

Geodetic altitude of the

MSBLS elevation antenna loca-

tion for the primary and sec-
....... dl ....._,_aA_ lan ng site cuu_ce_

Altitude of MSBLS range/
azimuth scanner above refer-

ence ellipsoid

Geodetic altitude of the

MSBLS range/azimuth antenna

location for the primary and

secondary landing site
choices

Altitude above reference

ellipsoid of runway

reference point

Altitude of TACAN station

(each LRU) output from site
lookup, I=I, 3

C-23



Variable List, Deorbit - Landing ComputerLoad (Cont)

78FM56

Variable name
Data Initial Coord
type value frame Variable description

ALTWHEELS S 0

ANGLECORRTNTOMAG
RW

ANGLECORRTNTOMAG
SL(1)- - -

A-O

S Pad TD

V(3) 0 TD

S 0

AUTOCHANNELID Int 0

AUTOID CHANGED Bit Off

AZ S 0 TD

AZIMUTH RW S 0 TD

Altitude of Orbiter cg

(entry) or rear wheels (TAEM

A/L) above runway altitude

Angle of'magnetic variation
"from true north at selected

runway

Variation of magnetic north

from true north at TACAN

site (each LRU) output from

site lookup, I=I, 3

Local parameter in EF TO
GEODETIC

Channel/mode identifier for

the automatically selected

TACAN station

Flag indicating (ON) that

the value of AUTO CHANNEL ID
D

has been changed

Bearing from true north EF_

TO RUNWAY, EF TO SCANNER

Bearing from true north of

runway coordinate system +X
axis
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Variable List, Deorbit - Landing ComputerLoad (Cont)
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Variable name
Data Initial Coord

type value frame Variable description

4&

BETA

BETAIN

BIAS AZMLS

BIAS AZMLS PSL

BIAS-AZMLS-SSL
w

BIAS ELMLS

BIAS ELMLS PSL

BIAS ELMLS SSL

BIAS MLSRANGE

BIAS MLSRANGE PSL

BIAS-MLSRANGESSL

BIAS TAC BRG

S

S

S

F

F

F

F

V(IO)

I-load

I-load

l-load

I-load

l-load

I-load

I-load

I-load

I-load

l-load

--m

Sideslip angle used in state

prediction (radians)

Snapped copy of sideslip

angle (degrees)

Initial MLS azimuth antenna

measurement bias

MSBLS azimuth data bias for

the primary and secondary

landing site choices

Initial MLS elevation antenna

measurement bias

MSBLS elevation data bias for

the primary and secondary

landing site choices

Initial MLS range antenna
measurement bias

MSBLS r_nge dsta bias for

the primary and secondary

landing site choices

Any known error (bias) in

the bearing transmitted

by a TACAN ground station

(loaded premission)
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name

Data Initial Coord

type value frame Variable description

BIAS TAC BRG SL(I) V(3) 0

BIAS TAC R v(10)

BIAS_TAC_R_SL(I) V(3) 0

CAZ

CLAT

CLON

COS P

DEG PER RAD
m

DEL

DEL LAT

DELH "MSL ELLIPSOID

RW

_DH_TACAN SL( I)

DT MAX

S 0

S 0

S 0

S 0

S

S 0

S 0

S 0

V(3) 0

I-load

I-load

I0

TACAN station bearing bias

(each LRU) output from site

lookup, I=I, 3

Any know_ error (bias) Jn

- the range measurement

obtained from a TACAN ground

station (loaded premission)

TACAN station range bias

(each LRU) output from site

lookup, I=I, 3

Cosine of AZ

Cosine of LAT GEOD EF TO

TOPDET, GEODETIC TO EF

Cosine of LON EF TO TOPDET

Cosine of geocentric eleva-

tion angle

Conversion factor from

radians to degrees

Delta value for radius

calculation

Correction angle for

latitude

Altitude of mean sea level

above reference ellipsoid at

runway

Altitude of mean sea level

above reference ellipsoid at

TACAN station (each LRU)

output from site lookup,

I=I, 3

Maximum allowable time-step

size

I
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Variable List, Deorbit - Landing Computer Load (Cont)
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I!,

Variable name

Data Initial Coord

type value frame

DUM S 0

DUMI S 0

EARTH_RADIUS_EQUATOR S

EARTH RATE S

ELLIPT S

EL SCANNER BEARING S

EL SCANNER BEARING F
PSL - -
EL SCANNER BEARING F
SSE - -

FLATCON

G FINAL v(3)

G PREVIOUS V(3)

GMO D

GMD D

I

ID_CHANGE_REQUEST

Int

Bit

I-load

I-load

I-load

I-load

I-load

l-load

0

0

I-load

l-load

I

Off

MSO

MS0

Variable description

Dummy variable (EF TO

GEODETIC, GEODETIC TO EF)

Dummy variable (GEODETIC TO

EF)

Earth equatorial radius

Earth rotation rate

Earth ellipticity constant

Bearing from true north of
MLS elevation scanner

boresight axis

MSBLS elevation antenna

boresight azimuth to true

north for the primary and

secondary landing site

choices

The eccentricity squared of
the ellipsoid

Predicted Shuttle gravity
vector

Acceleration at start of

each prediction integration

step

Gener_l term indicating

order of modeled acceleration

General term indicating de-

gree of modeled acceleration

Integer-subscript or itera-

tion counter

Flag requesting (ON) that

the value of AUTO CHANNEL ID

be changed
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

ID TACAN AUTO

INNER RADIUS

LAM

LAT GEOD

LATITUDE GEODETIC

k4

LAT MLSEL

LAT MLSEL PSL
LAT-MLSEL-SSL

LAT MLS R AZ

LAT MLS R AZ PSL
LAT-MLS R AZ SSL

LAT TACAN_SL(I)

LON

v(2) o

S

S

V(IO)

S

F

F

S

F

F

V(3)

S

Pad

I-load

I-load

I-load

I-load

I-load

Current channel/mode

identifiers for the most pre-
ferred TACAN stations

Threshol4 range from runway
"used to determine current

TACAN region

Earth rotation angle from

epoch

Geodetic latitude of a point

(EF TO TOPDET, EF TO RUNWAY,

EF TO SCANNER, EF TO

GEODETIC, GEODETIC TO EF)

Geodetic latitude of the

TACAN station

Geodetic latitude of the

MSBLS elevation antenna

Geodetic latitude of the

MSBLS elevation antenna loca-

tion for the primary and sec-

ondary landing site choices

Latitude of MSBLS range/
azimuth scanner site

Geodetic latitude of range/

azimuth MSBLS antenna loca-

tion for the primary and sec-

ondary landing site choices

Geodetic latitude of TACAN

site (each LRU) output from

site lookup, I=I, 3

Geodetic longitude of a

point (EF TO TOPDET, EF TO

RUNWAY, EF TO SCANNER, EF TO
D

GEODETIC, GEODETIC_TO_EF)
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

LONGITUDE EAST V(10) I-load

LONG MLSEL S 0

LONG MLSEL PSL F
LONG-MLSEL-SSL F

LONG MLS R AZ S 0

LONG MLS R AZ PSL F

LONG-MLS R AZ SSL F

LONG_TACAN_SL(I) V(3)

I-load

I-load

I-load

I-load

0

LRU ID Int 0

M, MATRIX, MAT M(3) 0

MAGNETIC VARIATION V(10) I-load

M EFTORAD EL M(3) I-load

M EFTORAD R AZ M(3) I-load

m_

D--

Longitude of the TACAN

station

Geodetic longitude of the
MSBLS el6vation antenna

s

Longitude of the MSBLS
elevation antenna location

for the primary and second-

ary landing site choices

Longitude of MSBLS range/

azimuth scanner site

Longitude of range/azimuth

MSBLS antenna location for

the primary and secondary

landing site choices

Longitude of TACAN site

(each LRU) output from site

lookup, I=I, 3

Index (! to 3) input to

TACAN site lookup when LRU

is tuned to a ground sta-
Lion. identifie_ which of

three sets of output parame-

ters is to be changed.

General transformation

matrices

Angle between true north and

magnetic north at the TACAN
station

Transformation matrix from

Earth-fixed to MSBLS eleva-

tion radar coordinates

Transformation matrix from

Earth-fixed to AZ/range

MSLBS radar coordinate frame
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

M EFTORW M(3) I-load

M EFTORW SEC M(3) I-load

M EFTOSCANNER M 1-16ad

M_EFTOTD_TACAN_SL(I) M

M_M50TOEF AT EPOCH M(3)

MLS AVAIL Bit Off

MSL ABOVE ELLIPSOID V(IO)

NUM TACANS Int

NUMBER STEPS Int 0

OLD ID V(2) 0

OUTER RADIUS' S

I-load

I-load

I-load

Pad

Earth-fixed to prime RW

transformation matrix

Transformation matrix from

Earth-fixed to secondary

-runway

Transformation matrix from

Earth-fixed to scanner

coordinates

Transformation matrix from

Earth-fixed to topedetic co-

ordinates at TACAN site

(each LRU) output from site

lookup, I=I, 3

Transformation matrix from

M50 to Earth-fixed at T-

epoch

Flag indicating (ON) the

availability of MSBLS at

currently selected runway

The difference in an alti-

tude above the reference el-

lipse and that altitude
above mean sea level or

geoid

Number of TACAN sites avail-

able for LRU tuning

Number of integration steps

in the precise predictor

Previous value of ID TACAN

AUTO

Threshold range from runway
used to determined current

TACAN region

t
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame

PHI S 0

PI S I-load

PRIME RUNWAY INDEX I I --

P2,P3 ,P4, P5, P6 S 0 --

V(4) 0 M50

Q_FIFTY__BODY V(4) 0 M50

Q_M50_BODY V(4) 0 M50

R S 0

RAD P S 0

RAD PER DEG

RANGE EF

S I-load --

V(2) 0 --

R_AZ_SCANNER_BEARING S

Variable description

Geocentric elevation ang]e

to the vehicle

The constant PI

Indicator of which landing
site choice is desired as

prime

Local variables used in QUAT
TO MAT

General variable for Q M50_
BODY

Quaternion representing the
orientation of the Orbiter

body with respect to M50

coordinates

Quaternion representing the

orientation of the Orbiter

body with respect to M50
coordinates

Radius magnitude of vehicle

Radius of Earth at geo-

centric elevation angle,
ph:

Radians per degree

Range of vehicle from the
most preferred TACAN

stations

Bearing from true north of

MSBLS range azimuth scanner
site

C-31



Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name

Data Initial Coord

type value frame Variable description

R AZ RADAR BEARING F

PSL

R AZ RADAR BEARING F

SSL

R CC LMAG PRI S 0

R CC LMAG SEC S 0

R CC L PRI V(3) 0

R CC L SEC V(3) 0
w

R CC RMAG PRI S 0

R CC RMAG SEC S 0

R CC R PRI V(3) 0

R CC R SEC V(3) 0

RD TAC V(IO) 0

R FINAL V(3) 0

RD_TAC_ MSL_SL(I) V(3) 0

I-load

I-load

re-

EF

EF

EF

EF

Boresight azimuth of the

MSBLS range/azimuth antenna
location for the primary

and secondary landing site

choices

Magnitude of R _CC LPRI

Magnitude of R CC L SEC

Position vector of HAC cen-

ter on the left side of the

primary runway center ]ine

in EF coordinates

Position vector of HAC cen-

ter on the left side of the

secondary runway centerline

in EF coordinates

Magnitude of R CC R PRI

Magnitude of R CC R SEC

Position vector of HAC cen-

ter on the right side of the

primary runway centerline in

EF coordinates

Position vector of HAC cen-

ter on the right side of the

secondary runway centerline

in EF coordinates

Geodetic radius of mean sea

level at the TACAN station

Position vector at end of

prediction

Geodetic radius of mean sea

level at TACAN site to which

the I-th receiver is tuned
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name

Data Initial Coord

type value frame Variable description

R EF V(3) o EF

R EF EQUAT S 0

R _ELMLS_ EF V(3) 0 EF

R GO LS

R INIT

R LS EF
,a

R LS EF SEC

R M

R RMLS EF

R TAC

_TACAN EF SL(I)

R XY

S 0

V(3)

V(3)

V(3)

xrt_

V(3)

V(3)

F

ASC NAV

SEQ OR

ORB/AND

NAVSEQ

EF

RW

M50

EF

EF

Shuttle position vector in
Earth-fixed coordinates

Projection of vehicle posi-

tion vectDr in equatorial

.plane

Earth-fixed MLS elevation

scanner position vector

Range of vehicle from runway
threshold

Initial value of the Orbiter

position vector

Position vector of runway in
Earth-fixed coordinates

Earth-fixed position vector

of secondary runway

input position vector (UVW-
to-M50)

Earth-fixed position vector

of MLS range scanner

Magnitude of EF position

vector from vehicle to TACAN

site

Earth-fixed position vector

of TACAN station (each LRU)

output from site lookup,

I=I, 3

Radius squared to projection

of vehicle's position vector

in REFI, REF 2 plane
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name

Data Initial Coord

type value frame Variable description

RUNWAY NAM_ ASL CHAR I-load
RUNWAY-NAME-PSL CHAR I-load

RUNWAY NAME SSL CHAR I-load

RUNWAY ALT ASL

RUNWAY ALT PSL

RUNWAY-ALT-SSL

RV MAX

RV MAX CONT

RV MAX NOM

RW AZIMUTH ASL

RW AZIMUTH PSL

RW AZIMUTH SSL

RW DELH ASL

RW DELH PSL
RW-DELH-SSL

RW LAT ASL

RW LAT PSL

RW-LAT-SSL

RW LON ASL

RW LON PSL

RW-LON-SSL

RW MAG VAR ASL

RW-MAG-VAR-PSL

RW MAG VAR SSL

F I-load

F I-load

F I-load

S 0

S

F

F

F

F

F
F

F

F

F

F

F

F

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

m--

_m

_m

--m

m--

mm

--m

mR

--m

m--

--I

m--

m--

--m

Name of the a priori alter-

nate, primary and secondary

landing site choices

Geodetic 'altitude of the

-alternate, primary and

secondary landing site
choices

Maximum relative velocity

magnitude for baro processing

Maximum relative velocity

magnitude for baro

processing associated with

the contingency landing site

Maximum relative velocity

magnitude for baro

processing associated with

the nominal landing site

Azimuth to true north of the

alternate, primary, and

secondary landing site

choices

Delta height from ellipsoid

to MSL for the alternate,

primary, and secondary

landing site choices

Geodetic latltude of the

alternate, primary, and

secondary landing site
choices

Longitude of the alternate,

primary, and secondary

landing site choices

Magnetic variation for the

alternate, primary and

secondary landing site choices
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

RW NAME I I

SAZ S 0

SIN P S 0

SLAT S 0

SLON S 0

STEP SIZE S 0

T S 0

TACAN_ID(I). V(3) 0

TAC ID V(10) I-load

T EPOCH S

TFINAL S

T INIT S

Off

I-load

ASC NAV

SEQ OR

ORB/RAD

NAV SEQ

Current landing site

designation for display

symbol positioning

Sine of AZ

Sine of geocentric elevation
angle

Sine of geodetic latitude

Sine of longitude

Size of integration time

steps for prediction

General time variable

ID of TACAN channel to
which the I-th LRU is

tuned, I:I, 3

A three-digit channel/mode

designation, unique for

each TACAN station

Switch indicating (ON)
a valid TACAN channel

has been selected (site

lookup output) for the

I-th receiver, I=1,3

Time tag for MM50TOEF AT EPOCH,

Greenwich hour angle,

and Earth-pole

Time at end of prediction

Time at beginning of

prediction
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Variable List, Deorbit - Landing Computer Load (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

TIME

U

V

VAR HI

VAR HI CONT

VAR HI NOM

VAR H2

VAR H2 CONT

VAR H2 NOM

V FINAL

V INIT

S 0

v(3) 0 M50

v(3) 0 M50

S 0

S

S 0

V(3) 0

V(3)

I-load

I-load

l-load

I-load

ASC NAV

SEQ OR
ORB/RAD

NAV SEQ

General time variable

measured in seconds from the

beginning of the year of
date

-Unit vector in the direction

of the Orbiter's M50 position
vector

Input velocity vector (UVW
TO M50)

m

Additive variance term used

in constructing the baro mea-
surement variance

Additive baro variance term

associated with the contin-

gency landing site

Additive baro variance term

associated with the nominal

landing site

Multiplicative variance term

used in constructing the

baro measurement variance

Multiplicative baro variance
term associated with the con-

tingency landing site

Mulitplicative baro variance
term associated with the nom-

inal landing site

Velocity vector at end of

prediction

Initial value of the velocity
vector

C-36



Variable List, Deorbit - Landing ComputerLoad (Cont)

78FM56

Variable name
Data Initial Coord

type value frame Variable description

X DMEAZ RW

X DMEAZ RW PSL

X-DMFAZ RW SSL

X EL RW

X EL RW PSL

X EL RW SSL

Y DMEAZ RW .

Y DMEAZ RW PSL

Y-DMEAZ-RW- SSL

F

F

S

F

F

I-load RW

I-load RW

I-load RW

l-load RW

I-load RW

I-load RW

I-load RW

I-load RW

I-load RW

X component of range/azimuth

antenna in runway coordinates

X-component of MSBLS range/

azimuth antenna in runway

-coordinates for the primary

and secondary landing site

choices

X component of elevation
antenna - RW coordinates

X-component of MSBLS eleva-
tion antenna in runway

coordinates for the primary

and secondary landing site
choices

Y component of range/azimuth

antenna in runway coordinates

Y-component of MSBLS range/

azimuth antenna in runway

coordinates for the primary

and secondary landing site

choices
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FLOW CHARTS
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EARTH_FIXED_TO_M50_COORD(FUNCTION)

78FM56

I !
! I

I EARTH_FIXED_TO_M50_COORD(TIME) : M_M5OTOEF_AT_EPOCH T M I
! I

Where: M_M5OTOEF_AT_EPOCH is the transformation from mean 50 to EARTH

fixed coordinates at time : T_EPOCH. This matrix, T_EPOCH, and

EARTH_RATE, are pad loads for OFT.

M is computed within the function (EARTH_FIXED_TO_M50_COORD) as

LAM : EARTH_RATE(TIME - T_EPOCH)

M ----

cos(LAM) -sin(LAM) 0 1sin(_AM) cos(LAM)o O1
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EFTO_TOPDET(FUNCTION)

78FM56

! !
I I

I EF_TO_TOPDET(LAT_GEOD, LON) : M
I I
I ........ I

where: M is calculated within the function as

CLON : eos(LON), SLON = sin(LON)

CLAT : cos(LAT_GEOD), SLAT = sin(LAT_GEOD)

M --

SLAT CLON -SLAT SLON

-SLON CLON

CLAT CLON -CLAT SLON
0CLAT1-SLAT
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EFTO__RUNWAY(FUNCTION)

78FM56

l I
I I

EF_TO_.RUNWAY(LAT_GEOD, LON, AZ) : (M) EF_TO_TOPDET(LAT_GEOD, [.ON)
i I
!......... I

where: M is calculated within the function as

CAZ : COS(AZ), SAZ : SIN(AZ)

M =

CAZ SAZ !I
AZ CAZ

0

C-42

C-43



EF_TO_SCANNER(FUNCTION)

78FM56

i I
I !

,'EF_TO_SCANNER(LAT_GEOD, LON, AZ) : (M) EF_TO..RUNWAY(LAT_GEOD, LON, AZ) I C-43
I !
! I

where: M is calculated within the function as

S -(i°-I0 -

C-t)4.



EF TO_GEODETIC

IN LIST -/L_EF

OUT LIST: LAT_GEOD, LON, ALT

FLATCON : 1.0- (1.0 -ELLIPT) 2

A._O : 1.0 - FLATCON

__xY:R_EF_÷ R__

R = (R_XY + R_EF_) I12

SIN_P = R_EF3/R

COS_P = (R_]Cf)I/2/R

RAD_P = EARTH_RADIUS_EQUATOR/(I .0 + FLATCON SIN_p2/A..O) I/2

DEL = (FLATCON SIN_P COS_P)/(I.0 - FLATCON COS._P2)

DEL_LAT : RAD_P DEL/R

PHI = ARCTAN(SIN_P/COS_P)

LAT__GEOD : PHI + DEL__LAT

LON : ARCTAN2(R_EF2, R._EFI)

i

ALT : (R-RAD_P) (1.0 - 0.50 DEL DEL_LAT)

78FM56
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GEODETIC_TO_EF (FUNCTION)

78FM56

I I
I I

I GEODETIC_T0_EF(LAT_GEOD, LON, ALT) : ]i_EF I
I I
I • I

where: _..EF is calculated within the FUNCTION as:

CLAT : COS(LAT_GEOD), SLAT = SIN(LAT_GEOD)

DUM : (I - ELLIPT) 2

DUMI : EARTH_RADIUS_EQUATOR/ (CLAT 2 + SLAT 2 DUM) II2

R_EF_EQUAT = (DUMI + ALT)CLAT

K..EF : (R..EF_EQUAT COS(LON), R..EF_EQUAT SIN(LON), (DUM DUMI + ALT)SLAT)
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UVW_TO M50 (FUNCTION)

IN LIST: ._,

78FM56

Jl : ]_/i

]_ : (h x i)/IK x il

i : (_ x ID

UVW__TO__MS01 TO 3, I = [J
!

UVW_TO_M501 TO 3, 2 = _[

UVW_TO_.M501 TO 3, 3 = _[
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SBODY_TO_M50

IN LIST: Q._FIFTY_BODY

OUT LIST: MAT

78FM56

I I
,'MATRIX : QUAT_TO__MAT(Q..FIFTY_BODY) ,'
I I

I
I
t

' MATI I =-MATRIXI,I
!

I

' I_T1 2 = I_TRIX2,1
I
I

I MAT1 3 =-MATRIX3,1
I
!

I MAT 2 I : -MATRIXI,2
I
! I
I

! l_T2 2 = MATRIX2,2
I
I

! -MATRIX 3,2 '' I_T2 3 =
I
I

I MAT 3 I = -MATRIXI,3
l
!

I MAT3, 2 = MATRIX2, 3
!
! I

I MAT3, 3 =-MATRIX3, 3
|
|..........................
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QUAT._TO._MAT(FUNCTION)

I

|
I

QUAT. TO_MAT(Q) = _ I

I

WHERE A IS CALCULATED WITHIN THE FUNCTION AS:

I
!

| !

P2 = Q2 + Q2 i

Z
I I

P3 : Q3 + Q3
I

i I
1 I

I Pa : Q_ + Q_
l

% %
P5 = P2 Q2

I

i I

P6 : p4 Q4 l
I I

I

i TEMP : 1.0 - P3 Q3 l

I
AI,1 : TEMP - P6 ll

P6 I
A2,2 : 1.0 -P5 -

! I

i A3,3 : TEMP - P5•

t !
I !

I P5 : P2 o3 %
t i
t l

p6 : p4 QI
! I

i AI,2 : P5 - P6 l

A2,1 : P5 + P6
I i
I !

I P5 : P2 Q4
I |
I t

p6 : P3 QI
I I
!

AI,3 : P5 + P6 I
t L
I

I _3,1 : P5 - P6 l
I I

I P5 : P3 Q4 %
| I
! !

I P6 = P2 Q_ l
t I

i A2,3 = P5 - 96 l
I I
I

I A3,2 : P5 + P6
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ENTRY_RUNWAY_SITELOOKUP

78FM56

!, DO CASE \
I

I PRIME_RUNWAY_INDEX /

I............. /
I
!

!
I
!
I
!
I
I
I
I
I
I
I
I
I
i
!

! I
I
I *
I
I
!
!
I
!
I

1
I '
I
I
!
I
!
I
!
I
I
I

I
! !
I
I
I
I
I

I

(CONT) (CONT)

RW_NAME : I

ALT_RW : RUNWAYJLT_PSL

AZIMUTH_RW : RWJZIMUTH_PSL

DELH._MSL_ELLIPSOID_RW : RW_DELH..PSL

ANGLE_CORR_TNTOMAG_RW = RW_MAG_VAR_PSL

I LAT = RW_LAT_PSL
I
i

I LON : RW_LON_PSL
I
I

I LAT_MLS_R_AZ : LAT_MLS_R_AZ_PSL

LONG_MLS_R_AZ - LONG_MLS_R_AZ_PSL

ALT_MLS_R_AZ --ALT_MLS_R_AZ_PSL

R_AZ._SCANNER_BEARING : RJZ_RADAR._BEARING_PSL

I LAT_MLSEL = LAT_MLSEL_PSL
I
I

I LONG_.MLSEL = LONG_MLSEL_PSL
[
I

I ALT_MLSEL : ALT_MLSEL_PSL
I
I

I EL_SCANNER_BEARING : EL_SCANNER_BEARING_I:'SL
I
I

{ X_DMEAZ_RW = X_DMEAZ_.RW_PSL

I
I X._L..j_w = x__L_J_LPSL
I
I

I L_M_Z_RW = L._AZ..._.J'Sn
I
I MLS_AVAIL = MLS_AVAIL_PSL
I
I

I BIAS_.MLS_RANGE : BIAS_MLS_BANGE_PSL

I
I BIAS_ELMLS : BIAS._ELMLS_PSL
I
,lBIAS_AZMLS = BIAS_AZMLS_PSL
I
I
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ENTRY_RUNWAY_SITE_LOOKUP (CONT)

78FM56

RW_NAME : 2
|
I

ALTRW : RUNWAY_ALT_SSL
l
!

! I AZIMUTH_BW = RW__AZIMUTH_SSL
!
!

! I
l=_2.--IDELH_MSL__ELLIPSOID__RW : RW__DELH__SSL

I
l

I ANGLE_CORR_TNTOMAG_RW = RW_MAG_VAR_SSL

I
LAT = RW_LAT_SSL

!
!

I LON --RW_LON_SSL

1
i LAT_MLS_R_AZ : LAT_MLS_B_.AZ_SSL
l
I

LONG_MLS_R_AZ : LONG_MLS_R_AZ_SSL

I
I ALT_MLS_R_AZ = ALT_MLS_.R__Z SSL

= g'R_AZ_SCANNER_BEARING R_AZ_RADAR._BEARING_SS ,

LAT_MLSEL : LAT_MLSEL_SSL

LONG_MLSEL : LONG_MLSEL_SSL

ALT__MLSEL : ALT__MLSEL__SSL

EL__SCANNER__BEARING : EL__SCANNER__BEARING__SSL

BIAS_MLS__RANGE = BIAS_.MLSRANGE__SSL

]_TAq k'ffMT _ : j. . **_.._,.BTAS ELM' e c,_,

BIAS..AZMLS : BIAS_AZMLS_SSL

X_J)MEAZ_RW : X_DMEAZ_RW_SSL

! X__L__RW : X__EL__RW__SSL

, _ Y__DMEAZ__RW : Y__DF_-AZ__RW__SSL
I
!

MSL._AVAIL : MLS_AVAIL_SSL
!

! !..... I

(CONT) (CONT)
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ENTRY_RUNWAY_SITE_LOOKUP (CONT)

78FM56

RW_NAME = 3

ALTRW = RUNWAY..ALT_ASL

AZIMUTH..RW : RW_AZIMUTH._ASL

! I
_-i, DELH_MSL_ELLIPSOID_RW = RW_DELH_ASL

1
I ANGLE_CORR_TNTOMAG_RW = RW_MAG_VAR_ASL
I
I

I LAT : RW__LAT__ASL
I
I

I LON = RW_LON_ASL
I
I MLS__AVAIL : OFF
I
|__

__L __ ........

I, FL_EFTORW : EF TO RUNWAY (LAT, LON, AZIMUTH__W) I
I
I

I, ,I__.LS_I_' = GEODETIC_TO__F (LAT, I.DN, ALTJW)
I

!

_CC_L_PRI : Jl _LS_EF + M_EFTORW T _ _HAC_RW_LI
I
I

_CC R_PRI ": Jl _LS_EF + M_EFTORW T ]i _HAC_RW_RI

LCC_LMAG_PRI : IR _CC_L_PRI I

LCC_RMAG_FRI = lJl_CC_R_PRI I

I
I

C-43
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I
!
!

t
I
!

_i
,'MLS_AVAILk____

FL.EFTORAD_.R_AZ : EF_TO_SCANNER (LAT..MLS_.K_AZ,

LONG_.MLS_R_AZ, R_AZ_SCANNER_BEARING)

M..EFTORAD._EL : EF TO_SCANNER(LAT_.MLSEL, LONG_MLSEL,

EL._CANNER_BEARING)

Jl_RMLS_EF : GEODETIC_TO_EF(LAT..MLS_R..AZ, LONG_MLS_R..AZ,

A LT_MLS_R_AZ )

..AZMLS_EF = _ ..BMLS_.EF

B._ELMLS__EF = GEODETIC_TO_EF(LAT_MLSEL, LONG_MLSEL,

ALT_MLSEL )

I

C-44

C-44

C-46

C-46
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ENTRY_TACAN_SITE_LOOKUP

78FM56

I TAC--CHAN--VALID--SLLRUID : OFF
! I
I I

I TACAN--IDLRU ID = NEW_STATION_IDI
! I
I I

I I
I............ I

I
I

I
I
I I

........ t ............ , \

DO FOR I : I TO NUM_TACANSk._____I TACAN--IDLRu ID : TAC--IDIk--
i / i /

[ /

....... L_

I 1
I I

,lLAT--TACAN--SLLRu ID : LATITUDE--GEODETICI il
! I
I I

I RD__TAC--MSL__SLLRU ID --RD--TACI l
I !
! !

IILONG--TACAN--SLLRU "I'D: LONGITUDE__EAST I II
! I
I |

I ALT_TACAN_SLLR U ID = ALT-ABOVE--ELLIPSOIDI I
! I
I I

I DH--TACAN--SLLRU ID : MSL-_BOVE--ELLIPSOIDI i
I I
! I

I ANGLE_CORR_TNTOMAG_SLLR U ID : MAGNETIC--VARIATIONI I
I I
! !

BIAS--TAC-_BRG--SLLRU ID : BIAS_TAC_BRG I I
I I

o RTA,_ T_C R m-LR U ID : _Ta_ ?_P._RI
I !
I !

I 2__TACAN_EF_SLLR U ID : Ii_TAC--EF I
! [
I !

" LLRU IDTAC__CHAN__VALI D__S = ON
I I
I I

I M--EFTOTD--TACAN--SLLRU ID: EF_TO_TOPDET (LAT--TACAN--SLLRU ID' LONG--TACA--SLLRU ID)
I I

' IC-42|,__ ...........
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ENTRY_PRECISE_PREDICTOR

78FM56

STEP SIZE : T FINAL - T INIT

NUMBER STEPS

]i ._FINAL = _ _,INIT

][ _.FINAL = ]I._INIT

T : T_INIT

|_,....................... •

I
I

I
I

I
I

I
!

I
I

I

....... L ..... I

I GMD_PRED : 0 k.___l
I Ii / t

! !
I !

I !
I I

! !
! I

I . I
I I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I

I CALL:
I
I

_i INLIST:
I I

I

I OUTLIST:
!
i ....

CENTRAL

]_..FINAL

_..PREVIOUS, R_INV I
I
I

I B-22
I
!

I

I SNAP ATTITUDE (ALPHAIN, BETAIN) I
I, I

I I
I--I ALPHA : ALPHAIN RAD_PER_DEG i

I 1
I I

I BETA : BETAIN RAD_PER_DEG I
I I
I ................................. I

I
I

I

i __PREVIOUS : _CCEL(GMD_PRED, GMO_PRED, __FINAL, i B-21
I I, I__FINAL, T) ,
I I

I ....... I

I T : T + STEP. SIZE I
I DO FOR I = I TO\ I I

I k___l __FINAL : K_FINAL + STEP_SIZE ([_FINAL + .5 STEP_SIZE 1
I NUMBER._STEPS I I __PREVIOUS) I

I................I I................................ I

(CONT )
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ENTRY_PRECISE_PREDICTOR (CONCLUDED)

78FM56

o

!

GMD_PRED = Ok.__.

CALL: CENTRAL I B-22

I I
__I INLIST: ]I--FINAL

I I
I I

OUTLIST: _ --FINAL, R._INV
I I

I _. --FINAL : ACCEL (GMD_PRED, GMO._PRED, ]_ ..FINAL, I

1 ][_FINAL, T) I
I I
I± .... I

B-21

_L .... ,....

I I__FINAL : I-FINAL ÷ .5 (__PREVIOUS +_-FINAL) STEP_SIZE I
I I
I I

i K_FINAL = _-FINAL + STEP_SIZE 2 (_-FINAL - __PREVIOUS)/6.1
I I
I I

I'__PREVIOUS = __FINAL 1
I I
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ENTRY_TACAN..SITELOOKUP_INIT

78FM56

I DOFORI : I, k._____._
NUM..TACANS/

I........... /

__TAC_EF I : GEODETIC_TO_EF(LATITUDEGEODETICI,

LONGITUDE_EASTI, ALT_ABOVE_ELLIPSOID I )

RD_TAC I = (I.-ELLIPT) 2 EARTH_RADIUS_EQUATOR/

I C-46

I

I
I
!

I
I
!
I

I
!
!
!

(1. + SIN 2 (LATITUDE_GEODEDIC I) ELLIPT (ELLIPT-2))I/21
I
I

+ MSL_ABOVE_ELLIPSOID I l
I

_ q



ENT RY_RUN WA Y_SITE_LOOKU P_IN IT

78FM56

D

,'PRIME_RUNWAY_INDEX : 11 "
I I

L_ __ _ __ '!
I
I

I
i

I

CALL: ENTRY_RUNWAY_SITE_LOOKUP I C-36
I I
I.......... I

I
I

I
i

I

M_EFTORW_SEC : EF_TO_RUNWAY(RW_.LAT_SSL, RW_LON._SSL, RW_._ZIMUTH_.SSL) [ C-43
l I
I I

_ ]I_LS_EF_SEC : GEODETIC_TO_EF(RW_LAT._SSL, RW..LON._SSL, RUNWAYJLT_SSL)I C-46
I I

I
I

I
I

I

AZIMIIrH._RW_SEC = RW_.AZIMUTH..._L

ANGLE_CORR_TNTOMAG_RW_SEC = RW_.MAG_VAR_SSL

_CC_L_SEC : K _LS_EF_SEC + M_I_TORW_SEC T _ ._HAC_RW_LI
I
I

__CC_R_SEC : __LS_EF_SEC + M_.EFTORW._SECT _..HAC_RW_RI
,, I

R_CC_LMAG_SEC : I__CC..L_SECI

R__CC_RMAG_SEC : I_._CC_R._SECl

| ___

I
I

I
I

i
I

I
i

I
I

I
I

I

I

I MLS_AVAILk___.I

I
I

I
I

IRV_MAX : RV_MAX__NOMt
i i
I !

_l VAR..HI : VAR_HI_.NOMI
I I
I I

IVAR_H2 : VAR_H2_NOM[
I I
I.......... I

RV..MAX : RV_MAX_CONT_
I {
I I

i_li i VAR__HI : VAR__HI__CONT_
I I
I I

I VAR_H2 = VAR_H2._CONTI
I I

I

I
I

I
I

I
I

I
........... |
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ENT RY_AUTO_TA CA N_SE LECTION_IN IT

78FM56

,lAUTO_CHANNEL_ID = TAC_IDII
I I
I I

' AUTO__ID CHANGED : ON
! I

O

w
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APPENDIXD INDEX

78FM56

X_n_%_L_!_&_&_&q_ .....................

Ar_A Nayi_atio_ V ari_aA%eList ...................

Area Navi_at_ion 2_inqiDal Fun_cti_on Flow C_hgrtg_

HSI_SEQUENCER .........................

NAV_STATE_TO_RW CODE ..................

TAC_BARO_TO_RW CODE ............. _ ......

TAC_.BARO_TO_TOPODETIC CODE .................

MSBLS_TO_RW CODE ......................

ENTRY_HSI_COMP CODE .....................

LAND_HSI_COMP CODE .....................

TAEMHSI_COMP CODE .....................

RANGE._BEAR_TO_HAC ENTRY ...................

Note: Items followed by the word CODE (indented in the

list) are not intended to be modules but represent

a block of in-line code contained in the module

above them.

2am_

D-4

D-5

D-20

D-25

D-26

D-27
D-28

D-29

D-33

D-34

D-31
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78FM56

VARIABLE LIST DEFINITIONS

o Code used for variable data type:

S: scalar

V(n): vector (dimension)

M(n): square matrix (dimension)

INT: integer

BIT: bit

CHAR: character

STR: structure

ARR: array

o Coordinate frame code and definition

BODY:

(structural)

M50:

RW:

(runway

coordinates)

SCAN:

(MLS scanner

coordinates)

TD:

(topodetic

coordinates)

x: parallel to the longitudinal axis (positive aft)

y: completes rlght-hand system

z: perpendicular to the x-axis, positive upward

Mean-of-50 reference coordinate system

x: down runway centerline in direction of landing

y: completes right-hand system

z: down, normal to ellipsoid

x: scanner boresight axis

y: completes right-hand system

z: up, normal to ellipsoid

x: north

y: east

z: down, normal to ellipsoid

R
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Variable List

78FM56

Data Initial Coord

ALT_DG BIT Off -- Barometric data-good flag

ALT_RW S 0 Altitude above reference
ellipsoid of runwayreference
point

ANGLE_CORR_TNTOMAG_S 0
RW

TD Angle of magnetic variation
f_om true north at selected
runway

ANGLE_CORR_TNTOMAG_ S 0
RW_SEC

TD Angle of magnetic variation
from true north at selected

secondary runway

AZIMUTH_RW S 0 Bearing from true north

of runway coordinate

system +X axis

AZIMUT H_RW_SEC S 0

.o

BRG_FLAG_LEFT BIT Off

Azimuth of secondary

runway measured from
true north

HSI data validity flag

BRG_FLAG_RIGHT BIT Off uSI _ _-- _ _a_= validity flag

CDIFLAG_LEFT BIT Off -- HSI data validity flag

CDI_FLAG RIGHT RTT Off __ ueT data ........ flag

CDI_LEFT Course deviation from

the extended runway center
line

CDI_RIGHT S Course deviation from

the extended runway center
line

DEG_PER_RAD S Constant Conversion factor from

radians to degrees

DE LH..MSL_ELLIPSOID_
RW

S Altitude of mean sea

level above reference

ellipsoid at runway
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Variable List- Continued

78FM56

__!_ Name.....

GSI_FLAG_LEFT BIT Off

GSI_FLAG_.RIGHT BIT Off

GSI_LEF T S 0

Data Initial Coord

Type Value ...... F_me .......V_ ri_bl e D_i_ti__

GSI RIGHT S 0

HEADING_LEFT S 0

ALT_LA ND

HEADING_RIGHT

HPC

S 0

S 0

S 0

FL_EFTORW M(3) 0

HSI data validity flag

HSI data validity flag

Glide slope deviation

for primary runway

Glide slope deviation

for primary runway

Heading of relative velocity
vector (entry) or of

body X-axis (TAEM or
A/L)

M_EFTORW_SEC M(3) 0

Altitude for automatic

switch from TAEM display

mode comps to autoland

display mode comps

MODE_LEFT

Heading of relative velocity

vector (entry) or of

body X-axis (TAEM or

A/L)

MODE_RIGHT

Barometric altitude obtained

from the air data SOP

Earth fixed to prime

RW transformation matrix

Transformation matrix

from earth-fixed to secondary

runway

CHAR Indicates setting of

display mode switch (entry,

TAEM or land) for left-

side HSI

CHAR Indicates setting of

display mode switch (entry,

TAEM or land) for right-
side HSI
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Variable List- Continued

78FM56

Data

y ar!a_b%e_Name ..... !ype ...........

Initial Coord

V-mJ_u_e...... 2T_a_m9........._V_arjA ble D_e_sg riD_t_ig n___

MSBAZIMO(I) S 0

MAZM_CMLK (I ) BIT Off

MSBELEVO(I) S 0

MELV_CMLK (I) BIT Off

MSBRANGEO(I) S 0

MRNG CMLK (I) BIT Off

NAUTMI_PER_FT" S

[OSITION_WRT_RUNWAY V(3)

PRIBEAR LEFT S 0

PRIBEAR RIGHT S 0

PRIRANGE_LEFT S 0

PRIRANGE_RIGHT S 0

_4..CODE._304 BIT 0

MSBLS azimuth for the

I-th receiver, I=1,3

MSBLS azimuth commfault/lock-

on flag for I-th receiver,

I=1,3

MSBLS elevation for the

I-th receiver, I=1,3

MSBLS elevation comm-

fault/lock on flag for

I-th receiver, I=1,3

MSBLS range for the I-th

receiver, I=1,3

MSBLS range commfault/lock-
on flag for the I-th

receiver, I=1,3

Constant -- Feet to nautical miles

0 RW Vehicle c.g. position

vector WRT runway reference

point (__LS_EF)

Primary bearing (to WP1-

entry and TAEM, to WP2-

Primary bearing (to WP1-

entry and TAEM, to WP2-
land)

Primary range to WP2

(via WP1-entry and TAEM,

direct-land)

Primary range to WP2

(via WP1-entry and TAEM,

direct-land)

Major mode 304 flag
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Variable List- Continued

78FM56

Data Initial Coord

__V_a_riable_Ng_e __ Type ...........Value _ Frame ....... Ear_iable Descript_iog__

RCVR_LEFT INT 0 Indicates setting of

string selection switch
(when source-in MSBLS

or TACAN) on left-side

HSI

RCVR_RIGHT INT 0 Indicates setting of

sgring selection switch

(when source-in MSBLS

or TACAN) on right-side

HSI

A_EF V(3) 0 EF Shuttle position vector
in earth-fixed coordinates

__LS EF V(3) 0 EF Position vector of runway
in earth-fixed coordinates

j__LS_EF_.SEC V (3 ) 0 RW

SECBEAR_LEFT S 0

Earth-fixed position

vector of secondary runway
threshold

Bearing from Shuttle

to WPI for secondary

runway entry; bearing from

Shuttle to center of selected

HAC for primary runway-TAEM

SECBEAR_RIGHT S 0 Bearing from Shuttle

to WPI for secondary

runway entry; bearing from
Shuttle to center of selected

HAC for primary runway-TAEM

SECRANGE LEFT S 0 Secondary range to WP2

via WP1-entry and direct-

land; horizontal distance to

center of selected HAC for

primary runway-TAEM

SECRANGE__IGHT

P

Secondary range to WP2

via WP1-entry and direct-land;

horizontal distance to center

of selected HAC for primary

runway-TAEM

D
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Variable List- Continued

7_FM56

Da ta Initial Coord

_.V ar i_ab 19_ _Name_ ..... TvDe_ ...... Valge ....... _F r_am e_ ...... _V_a_ri ab 1 e _De scripti on _

SOURCE_LEFT CHAR Indicates which data source

(MSBLS, TACAN, or NAV)

switch is on for left-

side HSI

SOURCE_RIGHT CHAR Indicates which data

source (MSBLS, TACAN,

or NAV) switch is on

for right-side HSI

TACBEARO(I) S 0 TACAN bearing data obtained

from the SOP for each

receiver, I=1,3

TBRG_CMLK(I) BIT Off TACAN azimuth commfault/

lock-on flag for the

I-th receiver, I=1,3

TRNG_.CMLK(I) BIT Off TACAN range commfault/lock-

on flag for the I-th

receiver, I=1,3

TACRANGEO(I) S 0 TACAN range data obtained

from the SOP for each

receiver, I=1,3

X_DMEAZRW S 0 RW X-component of range/

azimuth antenna in runway

coordinates

X_EL_RW S 0 RW X-component of elevation

_-_ .... RW coordinates

Y_DMEAZ_RW S 0 RW Y-component of range/azimuth

antenna in runway

coordinates

P_SEC S -I Sign of secondary runway

Y-component of the Shuttle

RANGE_FT S 0 Range to WP2 in feet

_..BHO_EF ' V(3) 0 EF Vehicle relative velocity

vector in earth-fixed

coordinates
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Variable List - Continued

78FM56

Data Initial Coord

_ Variable_Name ..... Typg_ __ Value ...... _F!99__ ...... Vgr_9__ Description

ALT_TACAN_SL (I ) V (3 ) 0 Altitude of TACAN station

(each LRU) output from

Site Lookup, I=1,3

ALT_WHEELS S 0 Altitude of orbiter c.g.

(entry) or rear wheels

(TAEM & A/L) above runway

altitude

ANGLE_CORR TNTOMAG V(3)

_SL(I)

DH_TA CAN_SL (I ) V (3) 0

M._EF TOTD_TACAN_SL (I ) M

Variation of magnetic

north from true north

at TACAN site (each LRU)

output from Site Lookup,

I=1,3

Altitude of mean sea

level above reference

ellipsoid at TACAN station

(each LRU) output from

Site Lookup, I=1,3

Transformation matrix

from earth-fixed to topodetic

coordinates at TACAN

site (each LRU) output

from Site Lookup, I=1,3

PS I_HS IM V S 0 Angle between mag north

and Shuttle X-axis

RD_TAC_SL (I ) S 0 Geodetic radius of mean

sea level at TACAN site

to which the I-th receiver

is tuned

]i _TACAN_EF SL(I ) V(3) 0 EF Earth-fixed position

vector of TACAN station

(each LRU) output from

Site Lookup, I=1,3

TACAN_CHAN_VALID_

SL(I)
i

BIT Off Switch indicating (ON) a

valid TACAN channel has been

selected (Site Lookup output)

O
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Variable List - Continued

78FM56

Data Initial Coord

X_GSI S 0 RW Glide slope intercept

point on extended runway
center llne

X..NEP S Design RW

Depend ent
Runway X-component of
the HAC center

X_.WP2 S Mission RW

Dependent

Runway X-component of

way point two (WP2)
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Variable List - continued

7bI.'M5h

Data Initial Coord

Variable Name _ TyPe ...... Value ..... Frame ..... Vari_i_____

A S 0 Angle at TACAN from true

north to Shuttle

A S 0 Coefficient in quadratic

formula

A2 S 0 Angle defined by inter-

section of two great circle

planes (one passing through

the Shuttle position and

HAC center, the other

through the Shuttle position

and WPI)

A3 S 0 Angle at HAC center from

WPI to entry point

(ENT RN G._BEAR )

ARC S 0 Angle from NEP to WPI

measured WRT HAC center

B " S 0 Coefficient in quadratic

formula

BEAR_CC S 0 Bearing at HAC center

WRT true north

BEARING S 0 -- Bearing from Shuttle to WPI

BEAR_RW S 0 Bearing to WPI (entry/TAEM)

or WP2 (A/L) measured

with respect to RW

BEAR_VEH S 0 Bearing from Shuttle

to HAC center WRT true

north

BEAR_VEH_WPI S 0 Bearing to WPI WRT true

north

BRG_.FLAG BIT

C ' S

Off

0

HSI data validity flag

Coefficient in quadratic

formula
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Variable List - Continued

78FM56

Data Initial

_Va_riable Nam_e .... TyRe _....... Val _ue_......

CDI S 0

CDI_FLAG BIT

COSB S

Off

0

D S 0 TD

D S 0 RW

D_ARC S 0

.o

DI ST_VE H_WP I S 0

DISI_WP2 S O

EL_MSBLS S 0

_ S 0

H_BARO S 0

HEADING S 0 TD

I INT

LEFT_SIDE BIT Off

Coord

Frame ...... V aria_bie_De sc ri%t_ion___

Course deviation from

the extended runway center
line

-- HSI data validity flag

Cosine of _he angle at
TACAN from earth-center

to Shuttle

Projection of slant range
from TACAN to Shuttle

onto X-Y plane

X-component of vehicle

position with respect
to WP2

Arc length around the HAC
from WPI to EP

Surface range from Shuttle
to WPI

Flat earth range from

.......e to WP2

-- MSBLS elevation angle

Glide slope deviation
for primary runway

Barometric altitude obtained

from selection filter

Heading angle from runway

magnetic north (deg)

Integer-subscript or
iteration counter

Indicates for which HSI

the computations are

being performed
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Variable List - Continued

78FM56

Data Initial Coord
VariablgName_ _ _ Type ...... Value ___F_ramg_..... Variable Descriptio 9....

MODE CHA R Indicates setting of

display mode switch (entry,

TAEM, or land)

N INT Index for Site Lookup

parameters (TACAN) and

raw data from SOP (TACAN

or MSELS)

P S -I Sign of runway Y-component
of the Shuttle

PHI S 0 Angle from runway to
HAC center measured WRT

Shuttle

PR I_BEAR S 0 Primary bearing (to WP1-

entry and TAEM, to WP2-
land)

PR I_RA NGE S 0 Primary range to WP2-

(via WP1-entry and TAEM,

direct-land)

RADIUS_EP S Mission --

Dependent

Radius of entry point

heading alignment circle

RANGE S 0 Range from Shuttle to

WP2 via WPI

R_CC S 0 Flat esrth surface range
from Shuttle to the HAC

center

A_CC_EF V(3) 0 EF Position vector of HAC

center in earth-fixed

coordinates

R_CC_MAG S 0 Earth radius at HAC center

for primary runway

RCVR INT Indicates setting of

string selection switch

(when source is MSBLS

or TACAN)

I
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Variable List - Continued

78FM56

Data Initial Coord

R_TAC S 0 Magnitude of TACAN position
vector

R_VEH S 0

_VEH_EF V(3) 0 EF

Magnitude of Shuttle

vector computed from HBARO

and TACAN position

Position vector of Shuttle
in earth-fixed coordinates

R_VEH_MAG S 0 --

A_vEH_Bw v(3) o RW

Jl_VE H.J_W_SEC V(3 ) 0

Jl_VEH..TD_TAC V (3) 0

SEC_BEAR S 0

Magnitude of __VEH_EF

Position vector of the

Shuttle in runway coordinates

Shuttle position vector

WRT secondary runway

Position vector of Shuttle

in TACAN topodetic
coordinates

Bearing from Shuttle

to WPI for secondary

runway-entry; bearing from
Shuttle to center of selected

HAC for primary runway-TAEM

SEC_.RANGE S 0 Secondary range to WP2

via WP1-entry and direct-

land; horizontal distance

to center of selected MAC

for primary runway-TAEM

SIN_THET_VEH._CC S 0 Sine of range angle from
Shuttle to center of HAC

SOURCE CHAR Indicates which data

source (MSBLS, TACAN,
or NAV) switch is on

TAZ S 0 Tangent of MSBLS azimuth

angle

D-15



Variable List - Continued

78FM56

Data
_Variable Name .... Tv_e_ .....

Initial Coord

Value _ __ Frame

TEL S 0 --

THETA S 0 --

_NORM V(3) 0 EF

X_CC S 0 RW

Y_.EP S 0 RW

Y__VEH_DMEA Z S 0 RW

Y_CC S 0 RW

TEL2 S 0 --

HDG._LAG BIT Off

HDG_FLAG_J_EFT BIT Off

HDG_FLAG_RI GHT BIT Off

ArtC0(1,1),CI(1,1),

C2(1,1),C3(1,1),

C0(1,2),CI(1,2),

C2(1,2),C3(1,2)

Mission

Dependent

.... V_ariabl e De_crfiotipn _

Tangent of MSBLS elevation

angle

Angle which corrects Shuttle
heading from the center of

HAC to WPI

Vector normal to the great

circle plane containing the
Shuttle and the HAC center

X-component of vector from
the Shuttle to HAC center in

runway coordinates

Runway X-component of the
HAC center

X-component of Shuttle

position WRT MSBLS antenna

Y-component of vector
from the Shuttle to HAC

center in runway coordinates

Square of tangent of MSBLS

elevation angle

General heading validity

indicator

Heading validity indicator
for left HSI

Heading validity indicator

for right HSI

Coefficients used in

analytical expressions
for reference altitude

versus range for nominal

steep glide path angle
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Variable List - Continued

78FM56

Variable Nam9 ....

co(2,1),c1(2,1),
c2(2,1),c3(2,1),
co(2,2),c1(2,2),
C2(2,2), C3(2,2)

CUBRC(I), 1=1,2

DELX._NEP

DELX_MEP

Data Initial Coord

T'v_e ...... V_alqe .... _Frame_ .... V_ariab].e Desqr_ipt_ion

Art Mission

Dependent

Arr Mission

Dependent

S 0

S 0

DR " S 0

H

HCO(I )

Coefficients used in

analytical expressions
for reference altitude

versus range for high

mass steep glide path

angle

HCO(2)

Distance from the MEP

to the transition point

for two analytical expressions
for reference altitude

versus range

HI_WINDS

Distance from glide slope

intercept point and the
NEP

I_OSI._HALLOW '

Distance from glide slope

intercept point and the

MEP

Distance from vehicle

gro_d position to the

transition point for

two analytical expressions

for reference altitude

versus range

S

Art

Altitude above runway

Mission

Dependent

Reference altitude evaluated

at the NEP for nominal

steep glide path angle

Arr Mission

Dependent

Reference altitude evaluated

at the NEP for high mass

steep glide path angle

BIT Off Flag denoting high or

low winds at runway during

landing

Design

Dependent

Altitude at which final

flare begins and GSI_FLAG
is set to OFF

D-17



Variable List- Continued

78FM56

Data Initial Coord

HREF S 0 Reference altitude used

to compute the glide

slope deviation

IGS S 0 Glide slope index

M S 0 Vehicle mass

MASS_FLAG BIT On Flag denoting computation

of quantities pertinent

to the NEP and MEP

M_GS I S Mission

Dependent
Boundary of high vehicle
mass and low vehicle

mass

NEP BIT Off Flag denoting switch
from NEP to MEP circle

R S 0 Distance from the vehicle

ground position to the

MEP by way of the HAC

X_GSI_HI_WIND S Mission RW

Dependent
Glide slope intercept
point on extended runway

centerline for high wind
condition

X_GSI_NOMINAL S Mission RW

Dependent
Glide slope intercept

point on extended runway
centerline for low wind

condition

/i _CC._L..PR I v(3) 0 EF Position vector of the

HAC center on the left-

side (-Y) of the runway
centerline

__CC_R_PRI V(3) 0 EF

R_CC_LMAG_PR I S 0

Position vector of the

HAC center on the right-

side (+Y) of the runway

centerline

Magnitude of the vector

A _CC_L_PR I

D-18



Variable List- Continued

78FM56

Data Initial Coord

R_CC_RMAG_PR I S 0 Magnitude of the vector
K_CC_R_PRI

]I _CC_L_SEC Y(3 ) 0 KF

_C C_R_SEC V (3) 0 EF

Position vector of the

HAC center on the left-

side (-Y) of the secondary

runway centerline

Position vector of the

HAC center on the right-

side (+¥) of the secondary

runway centerline

LCC.j,MAG..,S_.C S 0 Magnitude of the vector

K_CC_L_SEC

R_CC_RMAG_SEC S 0 Magnitude of the vector
K_CC_i_SEC
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78FM56

HSI_SEQUENCER

I I
I I

i LEFT_SIDE : ON I
I i

I
I

|
I

i

i \
I

I \-
I DO FOR I = 1, 2 /
I /

I
I
I
I
I
I
I
I
I

I -- I
I I \ ...... I

I LEFT_SIDE -ON / I _ MODE

[ ./ I I
I ' RCVR$ t
i I
I I__

I " I
I BRO_FLAG = ON
' I
I

i GSZ__LAG-oN l
I I
| I

I CDI_FLAG = ON I
' t
|___

!
I
t
!

$
I

SOURCE = SOURCE_LEFT

= MODE_LEFT

= RCVR_LEFT

I
I i
[ [ SOURCE = SOURCE.....RIGHT_

!

L_____l [
MODE = MODE. BIGHT

I I
I I

I RCVR : RCVR_RIGHT
I

I_ _-|

, \ I
I

i SOURCE : NAV >........... _ DO

I_ __/ t l_
I
I

(CONT )

I
t

NAV_STATE_TO_RW CODE i D-25
[

l t" \ I_I
I

l........._...lRCVR = I >..... l N = I ,
l

_ L,.----_-_ !I.... / I '
I i
, I
I
! I

I I

(CONT) (CONT)
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HSI_SEQUENCER (CONT)

78FM56

!
!

I I \ I '
!

I__I RCVR = 2 >...... I N = 2 I
l l

!
I

!
I

I ! !

I_l !

IN=31
I I
I .... I

L __

!, \ I I
[ SOURCE = TAC >...... [ DO TAC._BARO_TO._RW CODE i D-26

I _/ I I. I
!
I

!
I

!
I

I DO _BLS_TO_RW CODE I D-28
I !
I ..... I

!
I

I MODE = ENTRY AND
l
I

I(MM_CODE_602 : ON
l
I

I OR MM_CODE_304 : ON) /
i, /

\

k I I
\ I DO ENTRY_HSI_ I

>..... { I D-29

/ I COMP CODE I

I ..........I

(CONT )

_ ,. _ _ L ___'

I l
l l

ICDI : ARCTAN2(-R_VEH_RW2, X._DMEAZ_RW - R_VEH_BW I) DEG_PER._RADI
l !
l I

IHEADING : PSI_HSIMV DEG_PER_RAD I
I [
I ..... l

(CONT )
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HSI_SEQUENCER (CONT)

78FM56

P

(CONT )

!
!
!
!
!

__ | __
I I I, \ I \ , ,
i mSSJLAG = ON >---i M < H_GSI >..... I IGS = 1 1
I !,........... _/ I_/ I....... ,

I- !
I--I I

I.IGS : 2 1
I I

_t_
I
I

I DELX_.NEP = -HCO(IGS)/CI(IGS,I)
I
I

I DELX_MEP = -CO(IGS,I)/CI(IGS,I)
I
!

_ NASS_.FLAG = OFF
!
!

I ALT_I,AND= HCO(IGS)
!
! ...................... |

............ L__
I I I
I \ I I

I lIT_WINDS = OFF >..... I X_GSI = &_GST.NOMZNAL I

I................/ I I _,I
I
I

I
J i II I

I I I
,__, X__GSI : X__GSI__HI__WIND ,

I i

__L_

I \
I MODE : LAND OR \

I
I, (MODE : ENTRY AND

' /I

I H < ALT_LAND) /

I /

\ I I
>.... I DO LAND_HSI_COMP CODE I D-33

I I..... i
I
I

I
I
I
I

I
I

I

(CONT)

Q
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HSI_SEOUENCER(CONT)

78FM56

@

I
I

..... t_ I PRIBEALLEFT = PRI_BEAR

I \ I PRIRANGE..LEFT = PRI_RANGE

I LEFT_SIDE -ON >.... 1 CDI_LEFT = CDI
!
,J_ / _ GSI__LEFT : GSI

I _ HEADING__LEFT = HEADING
i I
i I
i [
I I I _
i I
I I

! I
I I

i I, I ,
I !
s i I PRIBEAR__RIGHT : PRI__BEAR
I, I I PRIRANGE_RIGHT = PRI_RANGE
I i !, ,__, CDI__RIGHT : CDI
i, I GSI__RIGHT : GSI

' ' HEADING. RIGHT : HEADING.............. t .... I
i, I 1
LEFT_SIDE °: OFF I S...........

i i
I ....... I

i
I

( CONT)

I
I
I
I

A_ I I
!
, \ IX_EP : X_GSI + DELX_NEP!

I NEP = ON >---I 1

I _ / I IALT_LAND : HCO(IGS) 1
i i
I............. I

I I
_X._EP : X_GSI + DELX_MEPI
I I

IALT_LAND :CO(IGS, I) I
I i
I........................ I

I I
I I

,__I DO TAEM_HSI_COMP CODE I D-34
I I

I
I

i
_| .............

GSI : 0.2 GSI

CDI : CDI/4

I
I

HDG_FLAG_LEFT : ON

BRG_FLAG_LEFT : BRG_FLAG I

GSI_FLAG_LEFT : GSI_FLAG i

CDI_FLAG_LEFT : CDI_FLAG I

SECBEARLEFT = SEC_BEAR

SECRANGE_LEFT = SEC_RANGE_
I

.... |

I
!

HDG_FLAG_RIGHT : ON I

BRG_FLAG_RIGHT : BRG_FLAG

GSI_FLAG_RIGHT = GSI_FLAG I

CDI_FLAG_RIGHT : CDI_FLAG

SECBEAR_RIGHT : SEC_BEAR I

SECRANGE_RIGHT = SEC_RANGE
i

........ |
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HSI SEQUENCER (CONT)

78FM56

i
!

i i
I I

i END DO [
! !
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NAV_STATE_TO_RW_CODE

78FM56

I

' I
I _._VEH..RW : __OSITION_WRT_RUNWAY I
I I

I
I

I
I

I
_, ..... [

i I
I I

I

, H : ALT__WHEELS I
! !
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TAC..BARO_TO_RW CODE

78FM56

\

TBRG_CMLK(N) = OFF \

OR

TRNG_CMLK(N) = OFF /

_ __ |

I
!

I TACAN_CHAN_VALID_.SL(N ) = TRUE
I
| , _L __

I
BRG__FLAG : OFF I

I
I

GSI__FLAG = OFF I

I

I I
I I

_1 DO TAC_BARO_TO_TOPODETIC CODE I D-27

I I....... I
I
I

k I
>---I

/ I
I
I

I
BRQ__FLAG = OFF I

I
I

GSI_FLAG = OFF I

I
CDI__FLAG = OFF I

I.............. I

I

L_

I T I
I _._VEH_EF --M_EFTOTD_TACAN_SL(N) R _VEH..TD_TAC ÷ K _TACAN_EF_SL(N) I
1 I
I R _VEH._RW : M_EFTORW (B _VEH_EF - Jl_LS..EF) I
I I

ti
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TAC_BARO_TO_TOPODETICCODE

78FM56

4-

I I
I I

I A : TACBEARO(N) + ANGLE_CORR_TNTOMAG..SL(N) + PI 1
I i
I......... _ _ __ !

i
I

i

I i
I i

S R_TAC = RD_TAC_SL(N) + ALT_TACAN_SL(N) - DH_TACAN_SL(N) 1
I i

I
I
I

..... L ......
I", \

I ALT_DG = OFF >..............
! J i
I ...... / I

I
I
I I
I__1 I

I H..BARO = HPC I
I I

I I
I I
I I, R._VEH = H_BARO + RD_TAC_SL(N) ,
I I
I.................. I

I
I

I
I

I

I • I
I I

' R_TAC 2 + TACRANGEO(N) 2 R_VEH 2I

I COSB =
i| 2 R_TAC TACRANGEO(N)
I

I
S
!

._...__--_K..___

! \ I I

I_ _/ k___l
!
I
I

°,

I I
I I

I GSI_FLAG : OFF I
I I

I
I

I
I
I
I
I
I

I \
I _t_CODE._304 = ON \
!
, OR >.... H__BARO =
I MM..CODE__602 : ON / I 85000

I................ / I ,_,
!

I !
I i

I _../3ARO = ALT__.Et,S ÷ Ar.T_RW I
I I -DELH_MSL_ELLIPSOID_RW I
I I I
I I .... I
I
I

D = TACRANGEO(N) (I - COSB2) I/2

R_VEH_TD_TAC I : D COS(A)

I I

R_VEH._TD_TAC 2 = D SIN(A)

I I

R_VEH_TD_TAC 3 : TACRANGEO(N) COSB

i .......... I

i '
i

I H = H_BARO - ALT._RW ÷ DELtt_MSI_LLIPSOID_JIW i
! I
I .... I
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MSBLS_TO_RWCODE

78FM56

!, \

I MRNG_CMLK(N) = OFF \
I, ^_un >-....

I MAZM_CMLK(N) : OFF / I
I I

I

I
I

!

a \ iI !

' MELV_CMLK (N) = OFF >.... I B > H._GSI__HALLOW!

t................ / I L
I
I

I

! i
I !

I EL_MSBLS = MSBELEVO(N) 1
I I

!........ !

BRG._FLAG = OFF

GSI__FLAG = OFF

I
I

I

I I
I I

I GSI_FLAG = OFF
i !

I |
I I

_[ EL_MSBLS = 0.33281 1

I $ ........... I

\ 1
>

! ! I

J I !

i ¢I_l EL_.NSBLS = 0.0 [
I !

I _ I

TAZ = TAN(MSBAZIMO(N))

TEL = TAN(ELJ4SBLS)

TEL2 = TEL TEL

A = I + TEL2 + TAZ 2

B = 2 (X_EL_RW - X_DMEAZ_RW) TEL2

C = (X_EL_RW - X_DMEAZ_RW) 2 TEL2 - MSBRANGEO(N) 2

X__VEH__DMEAZ :

B - (B2 - 4AC) 1/2

2A

I R_VEH_RW I = X_DMEAZ_RW + X_VE}LDMEAZ
I
I R_VEH_RW 2 = (X_DMEAZ_RW - R._VEH_RW I) TAZ + ¥_DMEAZ_RW
I

I R_.VEH_RW 3 : (R_VEH_RW I - X..EL..RW) TEL

I
!

I
I

I I

I H : -LW.H_RW 3 1
t -- I
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ENTRY_HSI_COMP CODE

78FM56

i, \ I i
ISOURCE : NAV >._i ]i _VEH_EF : R .._F i

i_/ [_ I
I

I
!

I

R_.VEH_MAG : ABVAL(]I _VEH_EF)

_. _NORM : ]i_VEH_EF x y. _BHO_EF

PSI = ARCTAN2(V NORM 3 R..VEH_MAG, (V_NORM I R_VEH_EF 2 -

V_NORM 2 R_VEH_EF I))

HEADING : (PSI -ANGLE_CORR_TNTOMAG_RW) DEG_PER_RAD

....... |
I
I

I I I
_u_ ,,, l I I

I HEADING < 0 k_.____l HEADING : HEADING + 360 1
!

I
I

I

I I
! I

I K _VEH..RW_S_,C : M..EFTORW_SEC (B._VEH_EF -R _bS_EF_SEC) l
l I

I
!

I

I P SEe : SIGN(R_VEH2W_SEC 2) l

I P : SIGN(R_VEH_RW 2 ) I
i i
!.............. !

I
|

! I t"ATT • D^I_,T,"__' QW'AII_ '_ UAr' I_KImD%,

I Ii \ i

I P_SEC > 0 _..__I INLIST:
I
! ....... /

Jl _CC_R_SEC, R_CC_RMAG_SEC,

!

(CONT)

I !
! !

I I
I I

I !
I I

1 I OUTLIST:
! |
! I,,

!
!

l I CALL:
i I
I I

I I INLIST:
! !

I
!

!
!

I OUTLIST:
I
|__

P__SEC, AZIMUTH__RW__SEC, --

ANGLE__CORR__TNTOMAG__RW__SEC

SEC__RANGE, SEC__BEAR

RANGE_BEAR__TO__HAC__ENTRY

R __CC__L__SEC,R__CC__LMAG__SEC,

P__SEC, AZ IMUTH_BW__SEC

ANGLE__CORR__TNTOMAG__RW..SEC

SEC__RANGE, SEC__BEAR

__!

&#_J i
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ENTBY_HSI_COMPCODE(CONT)

78FM56

I CALL: RANGE..BEAR_T0_HAC_ENTRY I D-31
i i
I I

.----.-A----. i INLIST: 2L _CC_R_PRI, R_CC_RMAG_PRI, I

I P > 0 k.__l P, AZIMUTH_RW, 1
! IIM___/ i ANGL E_COR R_TNTOMAG "_RW ,

I i
I I

OUTLIST: PRI_RANGE , PRI__BEAR I
I I

{ CALL:
I

! I

I INLIST:
I

I
I
!
!

I OUTLIST:

I

RANGE_BEAR_TO..HA C._ENTR Y

_i_CC_L..PRI,R_CC_LMAGjRI,
P, AZIMUTH__RW,

ANGLE__CORR__TNTOMAG__RW

PRI__RANGE, PRI..BEAR

D-31

I GSI = 0 I

I CDI = 0 1

I GSI_FLAG = OFF I
I I
I __I
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RANGE_BEA R_TO HAC_ENTR ¥

INLIST: _ _CC_EF, R_CC_MAG,P, AZIMUTH_RW,
ANGLE_CORR_TNTOMAG_RW

OUTLIST: RANGE, BEARING

78FM56

I Y...NORM = _ _VEH..EF x _ _CC_EF I
! !

I
I
I

i BEAR_VEH : ARCTAN2(V_.NORM 3 R..VEH_MAG, I
I I
I Io
I

' V--NORMI R--VEH-j_F2 - V-NORM 2 R--VEH_EF I) I
!
, 1
! I

I
I ....
I
I
!

I

I

, BEAR_CC : ARCTAN2(V_NORM 3 R_CC_.MAG, V_NORM I F_.CC_EF2 I
I I
I I

,i - V--NORM2 R--CC--EFI) It
I I
I I

I._ I
I ......
!
I
!

I • I !

I BEAR_CC < 0 k__.___l BEAR_CC : BEAR_CC + 2 PI 1
!
, I I

I
I

I
.... L ....

{ SIN_THET_VEH_CC : ABVAL(][ _NORM)/(R_VEH_MAG R_CC.3_G) I
| I
: I

I
I

I

i DIST_VEH_WPI : ARCSIN(SIN_THET_VEH_CC) R._CC_MAG--I

I A2 = RADIUS_EP/DIST_VEH_WPI I
I
, BEAR_VEH_WPI : BEAR_VEH - P A2 I

I A3 = A2 + P (AZIMUTH_RW - BEAR_CC) I
I I

I
I
I
I

I
.... L ___

I
I

I A3 < k__.__l

I -0. 003 /

! p
!

I
I
!
I

(CONT )

I
!

A3 = A3 + 2 PI I
! I
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RANGE_.BEAP,_TO_HAC_ENTRY (CONT)

I
I
I
!

I
.... |__
I
I

I D_ARC - A3 RADIUS_..EP
I
|u,

I
I
I

I
• JL___L
I
I

I RANGE -- (DIST_VEH_WPI + D_ARC - X..NEP + X_WP2) NAUTMI_PER_FT
I
I

I, BEARING = (BEAR_.VEH_WPI -ANGLE_CORR_TNTOMAG_RW) DEG_PER_RAD
I
i ....

I
I

I
I

I I I
.... • .......... I I
I

BEARING < 0 k...____l BEARING = BEARING + 360 1
I,.... / i 1

78FM56
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LAND_HSI_COMPCODE

78FM56

I
I

I
I
I
I
I
I
I
I
I
I

I
I
I

__ , | _L

I I
I I

[ D : X_WP2 - R_VEH_RW I
i, 1 I

I PR'r.j3EAR = (ARCTAN2(-R_VEH..t_W2,D) + AZZM_HjW I
I I
! I
I
, - ANGLE_CORR TNTOMAG_RW) DEG_PER_RAD I
I
' - I

!
!

! I !
___L ...... I I

I PRI_BEAR < 0 _..__I PRI_BEAR = PRI_BEAR + 360 1
I I ! I
I / I I ..... _ ........ I -

i
I

i

i, \ I I
I
, IF PRI_JBEAR > 360 _,...._I PRI_JBEAR = PHI_BEAR - 360 1

I / I..... I
I

2 2 1/2
DIST_WP2 : (R_VEH_RW + D )

2

PRI_RANGE : (DIST_WP2 NAUTMI_PER_FT) I0.
SEC_RANGE : _RI_RANGE

SEC_BEAR = PRI_BEAR

I ......... I
I
!

I
I

i i DIST_WP2 + X_GSI + DELX._FJ_P - X_WP2...... t .......... i R :

[H>H_GSI_SHALLOW \ ..... t HREF : CO(IGS,I) + CI(IGS,I) R

i I GSI : H HREF iI............... / I -- I

I I
l
I
I
I
I I I
t I I

,__,'' GSI__FLAG : OFF ,'
I !
I.............. I

..........
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78FM56

TAEM_HS I_COMP CODE

t - _ _J_L__ ----" ,- i

P : SIGN(R_VEH_RW 2)

Y_CC = RADIUS_EP -P R_VEH_RW 2

X_CC : X_EP - R_VEH_RW I

R_CC : (X_CC 2 ÷ Y_CC 2) I/2

PHI : ARCTAN2(Y_CC, X_CC)

| __

I
I
I

I
I
l
I

I
I
I
I

I
I
I
I

I
!
!

t
!
!
!

t
!
!

I I
I I

I PHI < 0 _____.___-._.-I PHI : PHI + 2 PI I
' / ' I
! :........ I _ :_ ,___

I
I

I
I

I

1 \ I I
I R._CC i k.___.._l DIST_VEH_WPI = 0 I

tlRADIUS_EP / I BEAR_RW = PHI - .5 PI II

L._ IL t
!
!

| •
!
!
!

l
!

I I THETA : ARCSIN(RADIUS_EP/R_CC) L

i i I
I I+I

I i DIST_VEH_WFI = (R_CC 2- RADIUS_EP 2) 1/2 I
,i I BEAR._RW = PHI - THETA ,I

I I 1
!
I

!
I
!

I BEAR_RW < 0 k__.__l I

' / I BEAR_RW = BEAR_RW + 2 PI I|_......

I I..................... t
I
I

___ | .... •__ _u. ___

I ARC = 2 PI - BEAR..RW I

I
I
I
I

I "
(CONT )

ON OR

INSIDE HAC

CASE

(OUTSIDE HAC CASE)
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TAE_L.HSI_COMPCODE (CONT)

78FM56

I
I

_ J_ ,i

I
!

I D_ARC =

I ARC RADIUS_EP
I
I

I
I

I
i

I
I

I

I
o P <0
i

I
I
I
I

!
I

I

!
I

I
!

I
I

___ iL__

i I
I !

I BEAR._RW = 2 PI I

k___..l - BEAR.._W I

/ I PHI = 2 PI - PHI I
I
I ........ I

,'RANGE._FT = DIST_VEH..WPI + D._ARC - X..EP + X..WP2

I PRI_RANGE = (RANGE_FT NAUTMI,_pER_FT) 10.

,'PRI_BEAR = (BEAR._RW + (AZIMUTH..RW - ANGLE_CORR_TNTOMAG_RW)) DEG_PER_RAD
I

I ...... _ ....................... I
I
I

I
I I I

...... L .......... ! !

I PRI_BEAR > 360 k.._l PRI_BEAR = PRI_BEAR - 360 1
I

I
!

I I
! I

,'SEC_.BEAR : (PHI + (AZIMUTH_RW - ANGLE_CORR_TNTOMAG_RW)) DEG_PER_RAD 1

I SEC_RANGE = 10. R_.CC NAUTMI_PER._FT I
! !

_ _ |

I
I

I

I SEC_BEAR > 360 k-------I
I
,............... / I SEC_BEAR : SEC_BEAR - 360

I

I
I
!

__L_ _L ....

!, I
I R : RANGE_FT + X_GSI + DELX_.MEP - X_WP2 1

I DR : R - CUBRC(IGS) I
I !

l
I

l
I

I
!

(CONT ) '

I
I

I
I
I
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TAEM_HSI_COMPCODE(CONT )

78FM56

I I I
....--.--.,.--.1.- ! I

IDR < 0 k___.l HREF = CO(IGS,I) + CI(IGS,I) R + C2(IGS,I) R2+ C3(IGS,I) R3 I

I [ I
I ! I

,_,_I'U_E_r : CO(IGS,2) + CI(IGS,2) DR + C2(IGS,2) DR 2 + C3(IGS,2) DR3 '
I i
I _ I

I I
I I

I GSI : H - HREF I

I........... i

31

J.
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Variable List

78FM56

I
!

Variable Name
i
I_L ....

i
I

IJ_£T._ABOVE_
iELLIPSOID
i
I

{_.,IA S_TA C._BRG
I
!
i
J
I
I
i
I

I_IAS_TAC_R
!
!

I
I
I
I

l
I

iLA NDI NG_SITE_

ITABLE_SLOT
i
I

IJ_ATITUDE_
IGEODETIC
i
I

ILONGITUDF__AST
I
I

I_GNETIC_

IVARIATION
!
I

!
I

IMLS._AVAIL_ASL

IMLS_A VAIL_PSL

IMLS__AVAIL_SSL
i
I

i
I

IOP_CODE

IPRIME_RUNWAY_
IINDEX
i
I

IRUNWAY_ALT..ASL

RUNWAY_ALT_PSL

lRUNWAY_ALT_SSL
i

I I ! I
! ! ! I

Data i Initial _ Coord I

_ I Tv_ L__Y___.9_ I__ Fr_,,,e l
i
!

V(IO) I
I
I

v(lo) I
I
I
I

, I
I
I

, V(lO) I
1
!

I I
i
I
!
I

I Blnaryl
I
I

I
I

I v(m)
I
I
!
l

I v(lo) I
I
!

I V(lO)
I
!
!
!
!
!

I BIT I

I BIT I
I BIT i
I
I
I
I

I BIT(7)
I
l

l
l

l, I
i
!

I
I

I F I
1 F I
I F i
I I

Variable Description

I-load

I-load

I-load

!
!

IAltltude of the TACAN station

I-load

I

I-load

I-load

I-load

I-load

I-load

0

I

I-load , -
I-load

I-load

l
I
I
I
|

_ I

labove reference ellipse
I
I

IAny known error (bias) in the

bearing transmitted by a TACAN

groun4 station (loaded

permission)

Any known error (bias) in the

range measurement obtained

from a TACAN ground station

(loaded premiss!on)

IUplink index for DEORBIT_

LANDING_SITE_UPLINK

Geodetic latitude of TACAN

station

ILongltude of the TACAN station I
l
I

IAngle between true north and
Imagnetic north at the TACAN

I station
l
l

_Flag indicating (ON) the

lavailability of MSBLS at

Isecondary runway
l
l

IBit string indicating which
Icommand uplink has occured
i
l

ICurrent prime landing site
selection

Geodetic altitude of the

ialternate, primary, and

secondary landing site choices

I I I I

IRUNWAY_NAME_ASL I CHAR I I-load , - Name of the g..DI.iJ_r._alternate,

IRUNWA¥_NAME_PSL I CHAR I I-load - {primary and secondary landing ,
IRUNWAY_NAME_SSL I CHAR I I-load , - Is!re choices
l l i l
I -- _ ............. I ....... t .......... t ........ t

.... !



78FM56

Variable List

I I I
I I !

I Variable Name I Data I

I ........... kTv_ I
I ! I
I I !

RWJZIMUTHJSL _ F
iRW_AZIMUTH_PSL { F I

aRW_AZIMUTH_SSL _ F I
I I
! !

RW_DELH._SL F I

[RW_DELH_PSL F I

IRW_DELH_SSL F I
I I
! i

i I
! I

IRW_LAT_ASL F

IRW._LAT_PSL F I

IRW..LAT._SSL F I
I !
I I

{RW_LON_ASL F I

_RW_LON_PSL F I

IRW_LON_SSL F I
I I
! I

RW.J_AO_VA R_ASL I F I

IRW.._G_VA R_PSL F I

IRW_.MAG_VA R._SSL F i
I
I

{2=AC..ID V (I0 )

I
I
I
I
!

ITACAN_TABLE_ BINARY
ISLOT_ID *
I
I

I
I

I
I

I
I
I
I

I
I

I
!
I
I
i
I
I i
!
I
I
i
!
I

I ° I
1
I ,
I _L__ L_

I i
I I

Initial I Coord I

VaZue___I Frame I
Variable Description

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

I-load

l-load

l-load

I-load

I-load

I-load

I-load

Azimuth to true north of the

alternate, primary, and

secondary landing site choices

Delta height from ellipsoid to

MSL for the alternate, primary

and secondary landing site
choice

_Geodetic latitude of the

_alternate, primary, and

Isecondary landing site chocies
I
I

_Longitude of the alternate,

{primary, and secondary

llanding site choices
I
IMagnetic variation for the

alternate, primary, and

secondary landing site choices

IA three-digit channel/mode

Ideslgnation, unique for each

ITACAN station

I
IUplink index for DEORBIT_

{TACAN_SITE_UPLINK
I
i
I
i

I
i
I

I
I
i
I
I
I

I
I
I

I
I
I
I
i

I
I
l

f

b
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RUNWAY_REDESIGNATE

78FM56

I
!

I
I

I
!
I

!
i

!
!
!
I
i
!

!
J

I CALL:
I
|,,

__, PRIME NDEX = I i
I !CREW SELECT \ _ ,,,L .__,

\__I
PRIME RUNWAY /

..../ I
I

CREW SELECT
i PRIME_RUNWAY_.INDEX = 2 |

\ I i__ _I

SECONDARY RUNWAY / I

,_. __/ I__l PRIME_BUNWAY_.INDEX = 3 I
i I
i .... !

ENTRY_RUNWAY_SITE_LOOKUP _ C-36
l
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APPENDIX F

VARIABLE LIST DEFINITIONS

o Code Used for Variable "Data Type":

S: scalar

V(n): vector (dimension)

M(n): square matrix (dimension)

INT: integer
BIT: bit

CHAR: character

STR: structure

ARR: array

o Coprdipate - Frame Code __mu_d_Deflnltlo_n_:

BODY:

(structural)

M50:

RW: x:

(runway •

coordinates) y:

x: parallel to the longitudinal axis (positive aft)

y: completes right-hand system

z: perpendicular to the x-axis, positive upward

SCAN: x:

(MLS scanner

coordinates) y:

TD: x:

(topodetlc

coordinates) y:

Mean-of-50 reference coordinate system

down runway centerline in direction of landing

completes right-hand system

z: down, normal to ellipsoid

scanner boresight axis

completes right-hand system

z: up, normal to ellipsoid

north

east

z: down, normal to ellipsoid

78FM56
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Variable List

78FM56

Data Initial Coord

_ _ Vgriabl@ Na_me ..... _Tvne_ ___ Value_..... _Frg_me..... Variable_De_sqriDtion___

ACC_DRAG S 0

ACC_LIFT S 0

ACCVERT S 0

ALT S 0

Vehicle cg drag acceleration

Vehicle cg llft acceleration

Vertical component of vehicle

cg acceleration WRT earth

rotating frame

Current orbiter altitude

above reference ellipsoid

ALT_WHEELS S 0 Altitude of orbiter cg

(entry) or rear wheels (TAEM

A/L) above runway altitude

AZIMUTH._W S 0 Bearing from true north of

runway coordinate system
+X axis

COURSE_WRT._RW S 0

DELAZ S 0

Vehicle velocity direction
WRT runway centerline

Azimuth error (heading of

relative velocity vector

minus bearing to WPI)

DT_IMU S 0 State vector AVERAGE_G inte-

gration time step

_v__ v(3) o M50 IMU-sensed velocity change

EVENT_E3 Bit Off Mode transition from 301 to

302 event flag

EVENT..E16 Bit Off Mode transition from 303 to

304 event flag

EVENT_E16B Bit Off Mode transition from 303 to

301 event flag

EVENT_E21 Bit Off

FLT_PATH_ANG S 0

Mode transition from 304 to

305 event flag

Angle between navigation base

relative velocity vector and
ellipsoid horizontal
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Variable List (continued)

78FM56

EVENT_E 11

DELAZ_SEC

OPS_3_.INITIALIZE_
COMPLETE

A2

A3

BEAR_CC

BEAR_VEH

Data Initial Coord

Tvne Valug___ - Frame ..... Vg!iablg_DgsgTiption

Bit Off Guidance initiate flag

S 0 Azimuth error WRT secondary

HAC tangent point (WPI)

Bit Off

S 0

S 0

S 0

S 0

BEAR_VEH_WP I " S 0

COS_THET_VEH_CC S 0

COS_THET_VEH_WPI

Signal indicating initial-

ization of state parameters

hy nay sequencer

D_ARC

Angle at HAC center from
Shuttle to WPI

DIST_VEH_WPI

Angle at HAC center from

WPI to entry point

P

Bearing at HAC center WRT
true north

Q_B_I

M_TEMP_TXPOS

AZIMUTH._RW_SEC

Bearing from Shuttle to HAC
center WRT true north

Bearing to WPI WRT true north

Cosine of range angle from
Shuttle to HAC center

S 0 Cosine of range angle from
Shuttle to WPI

S 0 Arc length around the HAC
from WPI to EP

S 0 Surface range from Shuttle
to WPI

S 0 Sign of runway Y-component
of the Shuttle

Art 0

M(3) 0

S 0

M50 to body quaternion

Transpose of earth-fixed to
M50 transformation matrix

Azimuth of secondary runway
measured from true north
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Variable List (Continued)

78FM56

6.

Data Initial Coord

..... Varia_b 19__Name ..... Type__ _ Val ue__ Frame _ _ Vgr ia_ble De scr!pt i_o_n__

M_EFTORW_SEC M(3) 0 Transformation matrix from

earth-fixed to secondary

runwa y

__LS_EF_SEC V(3) 0 Earth-fixed position vector

of the secondary runway

threshold

A3_TOL S Design

Dependent

Tolerance for correcting the

range of the angle A3

ALT_RW S 0 Altitude above reference

ellipsoid of runway reference

point

FILT_UPDATE Bit Off Switch indicating (ON) that

the current navigation cycle

is complete

G --RESET V(3) M50 Gravity acceleration vector

for user parameter state

integration

H_DOT_LAST Previous value of H_DOT_
ELLIPSOID

NA UTM I_PER_FT Constant Feet to nautical miles

PI S Constant The constant PI

COSTH S Cosine of Shuttle's pitch

Euler angle (body to TD)

SINTH S Sine of Shuttle's pitch

Euler angle (body to TD)

RW_ID_UPP S Current primary landing site

selection symbol

RW._NAME S Current primary landing site

selection symbol

_OLD V(3) 0 M50 Copy of C_RESET for use by

user parameter propagator
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Variable List (Continued)

78FM56

Data Initial Coord

_Variable Name _ Tvoe____ Value ___Frame .......

P_SEC S 0

H_DOT_ELLIPSOID S 0

LOAD_TOTAL S 0

LOD S 0

M_EF TORW M( 3 ) 0

[OSITION_WRT_RUNWAY v(3) 0 RW

__.AVGG V(3) 0 M50

R _EF V(3) 0

REL_VEL__G S 0

EF

R _LS._EF V(3 ) 0 EF

RNG_TO_RW_THRESH S 0

THETA S 0

T_STATE S 0

X.JVGG V(3) 0 MSO

X_RHO_EF V(3) 0

RNG_TO_RW_THR ES H_SEC S 0

EF

Variable _ s_criD_t!on

Sign of secondary runway

Y-component of the Shuttle

Estimated topodetic altitude
rate

Total load factor

Vehicle lift over drag ratio

Earth-fixed to prime RW
transformation matrix

Vehicle cg position vector
WRT runway reference point

(]_ _LS_EF )

Current Shuttle position
vector

Shuttle position vector in
earth-fixed coordinates

Magnitude of vehicle

relative velocity

Position vector of runway
in earth-fixed coordinates

Surface range from Shuttle
to RW threshold

Euler angle from TD to body

frame (pitch)

Time tag for current user

parameter state vector

Current Shuttle velocity
vector

Earth relative velocity in
earth-fixed coordinates

Surface range to secondary

runway threshold via WPI
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Variable List (Continued)

78FM56

6

Data Initial Coord

RADIUS_NEP S Mission

Depend ent

Radius of nominal HAC

R_GO__AMP S Design RW

Dependent

Preset value of horizontal

distance of vehicle from RW

reference point below which
radar altimeter measurements

will be made available to

navigation filter

_i_HAC_RW V (3 ) O RW Position vector of HAC center

in runway coordinates

__RESET V(3) 0 M50 Vehicle position vector after

all navigation updates
reserved for reset of user

parameter integrator position

vector ___VGG

TIME_BIAS_RADALT S Design

Dependent

Pad loaded bias used to

correct radar altimeter time

tag

T_IMU S 0 Time associated with current-

ly read IMU velocity counts

from the IMU detection

filter (RM)

T_RADALT S 0 Time at which radar altimeter

_=_,,,-_,,,_,_ was read

T_RESET S 0 Time associated with reserved

reset state

T_STATELAST S 0 Value of T_STATE at previous

pass through user parameter

processing

USE_IMU_DATA Bit 0 Flag indicating usage of IMU

data in propagation

X_IMU_CURRENT V(3) 0 M50 Current selected accumulated

IMU velocity
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Variable List (Continued)

78FM56

Data Initial Coord

MID_TARGET Bit On Flag which indicates (ON)

whether averaging of primary

and secondary targeting

parameters is to be performed

MID_TARGET..RECD Bit Off Copy of MID_TARGET for
feedback

VEL_TGT_SWITCH S Design

Dependent

Relative velocity value

below which the flag MID._

TARGET is to be set OFF

]LELOCITY_WRT_RUNWAY v(3) o Rw Vehicle velocity vector WRT
runway reference point (R_

LS__)

__IMU_OLD V(3) 0 M50 Current accumulated IMU

velocity

V_GROUNDSPEED S 0 Vehicle cg groundspeed WRT
runway (A/L), reference

ellipsoid (TAEM, entry)

V_BAG S 0 Vehicle inertial speed

X_NB_CG Mission

De pend ent

X._STRUCT_BODY distance from

navigation base to cg

X_NEP S 0 RW Runway X-component of the HAC
center

Z_NB_CG Mission

Dependent
Z_STRUCT_BODY distance from

cg to navigation base

Z_NB_WH S Hard

Code
Z_STRUCT__BODY distance from

rear wheels to navigation
base

X_NB_WH S Hard

Code
X_STRUCT_BODY distance from

navigation base to rear
wheels

NA V._L_FLAG Bit Off Nay validity flag for event

lamp processing

F-10



Variable List (Continued)

78FM56

Data Initial Coord

_= Vari_a_bl_e-_Nam e ...... Typ e __ _ _VAIue___ F_ra@e ......V_ar iab19_ De sc_ri_tio_n___

PSI S 0

__CC_EF V(3) 0 EF

Earth relative velocity
heading

Position vector of HAC

in earth-fixed coordinates

R_CC_MAG S 0 Earth radius at HAC center

for primary runway

R_VEH_G S 0 Magnitude of __VEH_EF

SIN_B S 0 Sine of earth-centered angle

subtended by the radius of
the HAC

SIN_BEAR_CORR S 0 Sine of the angle which cor-

rects the Shuttle heading

from the center of HAC to WPI

SIN_THET_VEH_CC S 0

_CG V(3) 0 M50

Sine of range from Shuttle
to center of HAC

Total acceleration of Shuttle

X..NORM V(3) 0 EF Vector normal to the great

circle plane containing the

Shuttle and the HAC center

X._RHO V(3) 0 M50 Vehicle relative velocity
vector

][ _BD_UNIT V (3 ) 0 M50 Second column of matrix M_.

BODYM50 expressing a unit
vector in direction of +Y

body axis

UPP_UPDATE Bit Off Flag indicating UPP state

has been updated by navigation
filter

X_IMU_RESET V(3) 0 M50 Copy of I_CURRENT_FILT

reserved as velocity

count at start of extrapolation

interval when user parameter

integrator is reset
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Variable List (Continued)

78FM56

_ VariableName

I_RESET

_BR

P_W_RA_PR OC

DG_RADALT

Q_RADALT

BIAS_RADALT

RADALT_ANG

RADALT_NB_DIST

EVENT__AMP_FI VE

RA._FLAG

_T_EL

N_SEQ_RA

N_SEQ_MAX

Data Initial

..... Type ...._Val_ .....

v(3) o

v(3) o

Bit Off

Bit Off

S

S

S

S

Bit

0

Design

Dependent

Hard

Code

Hard

Code

Off

Bit Off

V(3) Design

Dependent

Design

Despendent

Coord

Frame ...... _[a_ria_bI__De scri%tion

M50 Vehicle velocity vector after

all navigation updates reserved

for reset of user parameter

integrator velocity vector

__AVGG

Body IMU-derived body rate in

degrees/second

Radar altimeter processing
flag

Radar altimiter data-good

flag

Radar altitude measurement

Radar altimeter bias

Radar altimeter antenna

angle with body X-axis

Navigation base to RA antenna
distance

Event lamp five indicator

flag

Radar altimeter validity

indicator for event lamp

processing

Altitude regions for nav

event lamp processing

Sequential counter for radar

altimeter validity indicator

Number of sequential failures

of the nav event lamp test
criteria allowed before

activating the nay event lamp

(EVENT_LAMP_FIVE )

F-12



Variable List (Continued)

78FM56

__VariableName .......

A_O

_ARTH_POLE

Data Initial Coord
Tvoe Value Frame Variable Descriotion

S 0

V(3) Constant M50

EARTH_RADIUS_EQUATORS Constant

FLATCON S 0

RADP S 0

UK

_x

3_OR

iMU_SFC

]IMU_SFC_PREV

ELLIPT

TACBEARO I

TACRANGEO I

One minus earth eccentricity
squared

ANGLE_CORR_TNTOMAG_SL I

Unit vector in direction of

earth's axis of rotation

Earth equatorial radius

Earth eccentricity squared

Radius of the earth at the

geocentric angle of the

Shuttle position vector

S 0 Vector dot product of ][NOR

and_ARTH_POLE

V(3) 0 M50 X-vector component of the

+Z topodetic unit vector

in topocentric coordinates

v(3) 0 M50 Unit vector colinear with

the Shuttle position vector

and directed in the opposite
sense

V(3) 0,0,0 IMU selection filter control

vector

V(3) 1,1,1 Previous value of IMU selection
filter control vector

Constant

0

Earth ellipticity constant

TACAN bearing data obtained

from the SOP for each

receiver, I = 1,3

S 0 TACAN range data obtained

from the SOP for each

receiver, I = 1,3

v(3) o Magnetic variation at TACAN

site (each LRU) output from

Site Lookup, I = 1,3
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Variable List (Continued)

78FM56

Data Initial Coord
_Variabl_Name ..... Tvoe.... Valu9 ..... Frame ...... Varigble_Dgs2!iDtAon__

M_EFTOTD_TACAN_SL I M 0 Transformation matrix from

earth-tixed to topodetic
coordinates at TACAN site

(each LRU) output from Site

Lookup, I = 1,3

J__TA CAN_EF_SL I V(3) 0 EF Earth-fixed position vector

to TACAN station (each LRU)

output from Site Lookup,

I = 1,3

TACAN_CHAN_VALID_SL I Bit Off Switch indicating (ON) a

valid TACAN channel has been

selected (Site Lookup output)

TAC_MODE Bit On Switch indicating "ON" when

ABS_MODE is selected for

HSD DISP and "OFF" when

DELTA_MODE is selected.

TAC_AZ I S 0 TACAN azimuth for display in

the ABS_MODE or delta azimuth

in the DELTA_ODE

TAC_RNG I S 0 TACAN range for display in

the ABS_MODE or delta range
when in the DELTA_MODE

DEG_PER_RA D S Constant Conversion factor from

radians to degrees

TAC_MODE_DISP Bit On Switch for the HSD display

indicating "ON" when ABS_MODE
is selected and "OFF" when

DELTA_MODE is selected

.JEST v(3) o EF Difference between Shuttle

position and TACAN site
location in earth-fixed

coordinates (TACAN range in
earth-fixed coordinates)

]_ _TEMP V(3) 0 TD Position vector to the Shuttle

from the selected TACAN in

topodetic coordinates at
TACAN site
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Variable List (Continued)

78FM56

Data Initial Coord
__ _Vayiable_ Name ....... Typg_ __ .Value ..... _r a_9_ _..... Va_riabl e Dgscr iD t!o_n___

T_P S 0

MM_CODE_305 Bit Off

Internal variable used in

computation of topodetic

unit vector (H_HDOT__CCVERT);

Azimuth difference for each

TACAN (TACAN_DISP_COMPS)

Major mode 305 flag

RAD_PER_DEG S Constant Number of radians per degree

DELTA_T S 0 Time difference associated

with the calculation of

DELTA_ACC_VERT

DELTA_ACC_V ERT S 0 Difference between the two

most recent values of ACC_VERT

excluding any navigation

filter update value

ACC_VERT_OLD S 0 Previous value of ACC_VERT

T_STATE_OLD S 0 Previous value of T_STATE

for case when UPP has not

been updated by nay

TG_END Bit Off TAEM guidance termination

flag

y__i_-__eREV Previous value of IMU-

measured velocities

T_STATE_PRE V S 0 Previous value of T_STATE,

corresponding to time tag

for _. _IMU_PREV

Y_VE H_R W_SE C 0 Y-component of the Shuttle

position vector in runway
coordinates

T_SEC GMT Time tag associated with
earth-fixed state vectors

VNTDR_VEL_THRS_ Design

Dependent

Threshold value of the

relative velocity below

which the VNT_DR_SEQ_INIT

flag is set ON
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Variable List (Continued)

78FM56

Data Initial Coord

Variable Name ..... Tvne .... Value ___ Frgm_ ........ Varja_J___Des2_jption__

VNT_DR__SEQ._I NIT Bit Off Flag which instructs MSC
to initiate the VENT DOOR

CNTL SEQ principal function

LDGR_VEL_THRSH S Design

Dependent

Threshold value of the

relative velocity below

which the flag LD_GR_HYDR
is set ON

LD_GR_HYDR Bit Off Flag which instructs MSC
to initiate the LND GEAR VLV

CNTL principal function

TEST_VNT_DR Bit On Internal single pass flag

TEST_LD_GR Bit On Internal single pass flag
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DEORB_LAND_UPP_SEQ

78FM56

{ SCHEDULE:
I
I

i
I

OPS_3_IN ITIA LIZE_COMPLETE \_

i / SCHEDULE:

USER_PARAM_PROPAGATOR { F-19
I
i

REPEAT AT 0.52-Hz RATE 1
I
I

EARTH_FIXED_COMPS _ F-20
I
i

REPEAT AT 0.52-Hz RATE I
|

........ &_ ......

IEVENT_E3 (MODE TRANSITION TO 302)\__I CANCEL: EARTH.FIXED_COMPS I
i I I I
I ...... z I .......... _ ....... !

i

!
t

' ' CANCEL:t t

! !
.......... L ............... I

E EVENT_Eli (GUIDANCE INITIATE) _\__I SCHEDULE:

I REPEAT AT 1.04-Hz RATE
l

USER_PARAM_PROPAGATOR

USER_PARAM_PROPAGATOR

___L L....... |

F-19

EVENT__EI6B (MODE TRANSITION\

' \!

FROM 303 TO 301 (PREDEORBIT k____|
I! /

I COAST)) /

SCHEDULE:

I
!

!
!

i

!
t

i
t

I
i

i
l

l
I

i

{ EVENT_El6 (MODE TRANSITION \
I
i

l, TO 304 (ENTRY))
!

l
l

l
t

l
l

l

I
i

EARTH.FIXED_COMPS

REPEAT AT 0.52-Hz RATE

I CANCEL: USER_PARAM..PROPAGATOR
i
I

I SCHEDULE: USER_PARAN_PROPAGATOR
!
t

i REPEAT AT 0.52-Hz RATEl

CANCEL:

I SCHEDULE:
I REPEAT AT 6.25-Hz RATE

I SCHEDULE: H_HDOT_ACCVERT

REPEAT AT I.O4-Hz RATE

SCHEDULE: GUIDECOMP

_.___I REPEAT AT 1.04-Hz RATE

/ SCHEDULE: ENTRY__ID_TARGET

...../ REPEAT AT 0.52-Hz RATE

SCHEDULE: HSI._SEQUENCER
REPEAT AT 1.04-Hz RATE

i SCHEDULE: TACAN_DISP_COMPS

REPEAT AT 0.52-Hz RATE

I....

F-20

F-19
l
i

l
i

USER_PARAM_PROPAGATOR

USER_PARAM_PROPAGATOR { F-19

F-21

F-23

F-26

D-20

F-29

(CONT)
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DEORB._LAND_UPP.jSEQ(CONCLUDED)

78FM56

I
I
I
!

I EVENT_E21 (MODE TRANSITION k_.__l CANCEL:

!
!

I ......... _ CANCEL:

I TG_END = ON (TAEM GUIDANCE k..__I

__ TK__4INfiTI_ONI.............. / _ CANCEL:

ENTRY_MID_TARGET
I

..... |

H_HDOT_ACCVERT

GUIDECOMP

SCHEDULE: GUIDECOMP

REPEAT AT 6.25-Hz RATE

F-23
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USERPARAM..PROPAGATOR

I SNAPIMU(I_IMU_CURRENT,T_.IMU) I
I I

__OLD : _._RESET

_..AVGG : __RESET

___.._.u__ __AVGG : __RESET

' FILT_UPDATE \_ __IMUOLD : __IMU..RESET

........... / T_STATE : T_RESET

FILT_UPDATE : OFF

,' UPP_UPDATE : ON
I
! I .... _

I
I

I

' DT__IMU = T__IMU - T__STATE _
! !

I
I

I
I

__I DV..$ : y._IMU_CURRENT - V _IMU_OLD I
I I ! I

I__ I I I

USE IMU_DATA k_.__1
I I I

I I,__, _IV_S : 0 1
I !

I ]I_AVGG : ]I--AVGG + DT IMU (y___VGG + .5 (D.V_S + DT_IMU G_OLD))
I I

| I

I ][_AVGG : ][ _AVGG + ]IV_S + DT_IMU G _OLD
!

-' |

I I

T__STATE : T__IMU I
I

I I
|_L .... ___4,,

I
I

I
i

I Y_ _RHO = Y_REL(y_ _AVGG, ]i_AVGG) _ B-28
I I

I

I
L___

I Y_ _.IMU_OLD : V _IMU_CURRENT
I I
I .... I
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EARTH._FIXED_COMPS

78FM56

M_TEMP_TXPOS: EARTH..FIXED._TO_M50_COORD(T_STATE)T

_EF = M_TEMP_TXPOS_ ..AVGG

y...RHO_EF: M_TEMP_TXPOSy._RHO

T_SEC_GMT: T_STATE
| iJ,

I C-41

.... |

b

O
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H_HDOT_ACCVERT

78FM56

R_VEH_MAG = ABVAL (]i_AVGG)

A_O = (1.0 - ELLIPT) 2

FLATCON = 1.0 - A_O

][NOR = - __AVGG/R_VEH_MAG

, UK = ]INOR • 2.ARTH_POLE

i T}_MP = (A_O + FLATCON UK2)

, RAD_2 = EARTH_RADIUS_EQUATOR (A_O/TE_Mp) I/2 ,
| •

I ___L_I

I

[ { UX = (Y_ARTH_POLE - UK ]_OR) {

{ UPP_UPDATE : ON \_1 1

,. / { (FLATCON UK RAD_P)/(TEMP R_VEH_MAG) '
I -- I I
I _ , I
I .... I

I

I

H_DOT_ELLIPSOID : -_._RHO • (_X + .V.NOR)

ALT : R_VEH_MAG - RAD_P

ALT_WHEELS : ALT - ALT RW

..... i

! /

I
I

I

I
I

I
I

I

I

I MM._CODE_305 k...__l
!

.__,.,v,_._ .... ..,_._ - ._n 2 n,_u__rER_.wEu
I
i

i

, (X.3_B_CG COSTH - Z_NB_CG SINTH)
I
I

I ALT_WHEELS : ALT_WHEELS - (X_NB_WH SINTH + Z.3_B_WH COSTH) {
I
i

!
I

!
i

I

!
!

UPP_UPDATE = ON \_{ ACC_VERT_ : ACC_VERT. OLD +
i

(T_STATE - ?...STATE_LAST)

DELTA_ACC_VERT {
I
I

DELTA_T I
I
I

I

I
I

I
.... |

UPP__UPDATE = OFF

(CONT) (CONT)

F-21



H._HDOT_ACCVERT(CONTINUED)

78FM56

I ACC_VERT= (H_DOT._ELLIPSOID- H..DOT_LAST)/(T_
I
i
I
, STATE - T_STATE_LAST)
i
I

, I DELTA_ACC_VERT : ACC_VERT - ACC_VERT_OLD
I

I DELTA_T = T_STATE - T_STATE_OLD
i
I

,iT__STATE__OLD = T__STATE-
i
I

,'ACC__VERT__OLD = ACC__VERT
I
| ___

I H_DOT_LAST : H_DOT_ELLIPSOID
!
I

I T_STATE..LAST : T..STATE
i

___ |

J
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|, M_TEMP_TXPOS : EARTH_FIXED_TO_M50_COORD(T_STATE) T I C-41
I I

I
I

l

...... • ,__LJL____L_

I i _RHO_EF = M_TEMP_TXPOS i _RHO
I i
I I

REL_VEL_/MAG = ABVAL(__RHO) 1
i I
t I

_._EF : M_TEMP_TXPOS _..AVGG
I I
i I °

_OSITION_WRT_RUNWA¥ = M_EFTORW (_ ._EF - _ j_S._EF) i
! I
I I

_ELOCITY_WRT_RUNWAY = M..EFTORW i _RHO_EF
i I

I
!

I
_--___-..--L--....._---

I TG_END = ON \_ SNAP RADAR ALTIMETER(Q_RADALT, T..RADALT, DG_RADALT)

tl.... ....... / !_ ,il • , _ ..... _____L _ti

i I

' IT_.RADALT = T_JtADALT TIME_BIAS_
,'RAW_RA_PROC \__I DG_RADALT k._J RADALT

I_ __/ _POSITION_WRT_RUNWAY 3 : -Q_RADALT +
I BIAS_RADALT
_+ (T_STATE - T_RADALT) VELOCITY_

1 WRY_RUNWAY 3 1
I- SIN(RADALTJNG - THETA RAD__PER__

,' DEG ) RADALT__NB__DIST ,'
I I
..... t

I
I
I
t

I

I
I

' I (POSITION_WRT..RUNWAYI 2 \
: : \

I + POSITION__WRT--RUNWAY22) >--

I < R_GO_RAMP 2 /
= /

i RAW__RA__PROC : uN_,'
I I
I.................... I

ALT_WHEF.LS : - POSITION_WRY_RUNWAY 3 -(X_NB_WH SINTH
I, + Z_.NB_WH COSTH)

ALT = ALT__WHEELS + ALT__RW

H_DOT_ELLIPSOID : - VELOCITY_WRT_RUNWAY 3 - WBR 2 RAD_PER_DEG

(X.J_B_CG COS'I}{- Z_NB_CG SINTH)

IACC_VERT = (H_DOT_ELLIPSOID - H_DOT_LAST )/(T_STATE - T_STATE_LAST )

HDOT_LAST = HDOT_ELLIPSOID

I T_STATE_LAST = T_STATE
I"
I , • I

i

I
i

(CONT) (CONY)
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GUIDECOMP(CONTINUED)

!
I

..... . t. I REL..__.._O
' TEST_LD_GR = ON \_II

l................ / I < LDGR_VEL_THRSH
I I
I ! .......
I

..... L •...........

,'TEST_VNT._DR = ON \_I REL_VEL..MAG

1.............. / t
!, < VNTDR_VEL_THRSH /
' /

\ I LD_GR_HYDR : ON [

/ I TEST_LD_GR : OFF I

/ I..........

\ I VNT_DR__SEQ_INIT : ON

L__l
TEST_VNT..DR : OFF

I
I..... I

COURSE_WRT_RW : ARCTAN2 (VELOCITY_WRT_RUNWAY 2, VELOCITY_WRT_RUNWAY I)
I I

I
I

I

COURSE_WRT_RW < 0 \_ COURSE_WRT_RW : COURSE_WRT_RW + 2 PI I

I / / I I

I
I

I

I COURSE_WRTJW : COURSE_WRT_RW DEG_PER_RAD I
I I
I ..................................... I

I
I

I

RW..ID_UPP : RW_NAME
I I
I__ ___ I

I
I

I

I V_GROUNDSPEED : (REL_VEL.J_AG 2- H_DOT_ELLIPSOID2) I/2 l
I I
I ..................... I

I
I

I

I J24U..SFC : J.MU_SFC_PREV \_l /[CG : (Y._IMU_OLD - Y...IMU_PREV)/(T_STATE -

1........................ / [ T._STATE_PREV )
I I
I I...... __

I
I

I

ACC_DRAG : -(2.CG • V _RHO)/REL_VEL_MAG

T._STATE_PREV : T_STATE

' I_.IMU_PREV : I_.IMU_OLD

/_MU_SFC_PREV : /IMU..SFC

___ ..... • _ |

(CONT)
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GUIDECOMP(CONTINUED)

I
I

I

[_I_CODE._305 \__I FLT_PATH_ANG = SIN-I(H_DOT_ELLIPSOID/REL_VEL_MAG) 1
i,.... I l...... '......... |

I
t

[
!

!

..... :|

{ ALT_WHEELS > ALT..EL3 k.___l EVENT..LAMP_FIVE = NAV_EL_FLAG 1
I -- / I I I

It

I
I

I
__|

I
I

I

I
I

I
I

I
I

I
I

I
I

I
I

I
t

I
I

I
I

I

I
I

I
I

I
I

I
!

I
l

I
I

I
l

I
I

I

I
I

I I RA_FLAG : OFF I
I I I
t _t I

I ! I I
, , N...SEQ_RA = I ,

,'DG_RADALT k-.--.l
I _./

I I
I ................ I

I
I

I
I

I I I,_, N_SEQ__RA = N__SEO__BA + I '
I i

i

I
__ [

,'N..SEQ_RA > N__SEQ_MAX\_I RA_FLAG : ON I

!

NAV._EL_FLAG : ON\
OR

RA_FLAG : ON

__I EVENT_LAMP_FIVE : ON I
I I I

/ 1
_i i i EVENT__LAMP__FIVE : OFF

I i

Y_BD_UNIT I : Q_B_I 3 (Q_B_I 2 + Q_B'I 2) + Q_B_I I (Q._B_I4 + Q_B_I 4) l
l
i

Y_BD_UNIT 2 : I- Q_B_.I2 (Q_B_I 2 + Q_B_I 2 ) - Q__._I4 (Q_B_,I4 + Q_B..I4) 1
I

I I

Y_BD_UNIT 3 : Q_B_.I4 (Q_B..I3 + Q_B_I 3 ) - Q_B..I I (Q..B_/2 + 0_/3_12)
I
I

ACC_LIFT : 2.CG • ((_ ..BD_UNIT x ][_RHO)/ABVAL(y.. _.BD_UNIT x V _RHO))
I
t

LOD : ACC__LIFT/ACC__DRAG
!
I

LOAD_TOTAL : ABVAL (]ICG)
I
i

V_MAG : ABVAL (y.JVGG)
• I
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ENTRY.MID_TARGET
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I P : SIGN(POSITION_WRT_RW2)
I i

I
I

I
I

I

, CALL: ENT_.BNG_J3EAR F-27
!
I

I IN LIST: _ _LS_EF, M_EFTORW, AZIMUTH_RW, P
I
I

I OUT LIST: RNG_TO_BW_THRESH, DELAZ
!

!
I

L!.... m IY_VEHjLSEC = M..._TORLSEC2, 1 TO 3 "(K_I_F - _J.S__..,SEC)
!!MID__TARGET = ON \__I
l

!.... ...../ { P_SEC : SIGN(Y_VEH_RW_SEC)
l

I
I

i

{ CALL: ENT_RNG_BEAR

................. |

,'F-27
!

! I
!

, IN LIST: __LS_EF_SEC, M_EFTORW_SEC, AZIMUTH_RW_SEC, {
I

! P__SEC {
[

' 1
I

! OUT LIST: RNG_TO__W_THRESH_SEC, DELAZ_SEC I
i

l... ...... .I

!
|

i

!
I

_L_ _ _L___L

I RNG_TO__W_THRESH = 0.5 (RNG_TO_RW_THRESH + RNG_TO_
l
i

RW_THRESH_SEC)
l
t

i
i DELAZ = 0.5 (DELAZ + DEI_Z_SEC)
!

..... L............... ! ......

{ MID_TARGET_RECD : I I
i l l

! ! .... L ....

I MID_TARGET 1 _ REL_VEL_MAG < \
i i i
i .................. !

i
i

l
I

l
l

i

I EVENT_LAMP_FIVE : I
I I
! !

I NAV_EL_F LAG I
l l

! k.___l MID_TARGET = OFF I
I VEL_.TGT_SWITCH /
f
!- .___/

l
I

l
!

l
l

I
i

i

,I¢
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SNT_RNG..BEAR

78FM56

_: K_LS_EF, M_EFTORW,AZIMUTH_RW,P

J_T_..J_,_2_:RNG_TO_RW_THRESH,DELAZ

I

i R_HAC_RW 2 = P RADIUS._NEP
I I

I
I

i

R _CC_EF = _ .._S_EF + M._EFTORW T .__JqAC_RW
i
I

I Y.._NORM : /i ..EF x 2L_CC_EF
I
I

I R._CC_MAG : IR _CC_EFI
I

I

I SIN_B : RADIUS_.NEP/R_CC_MAG
I

i
I

I

BEAR VEH : ARCTAN2(V_NORM 3 R_VEH_MAG, V..NORMI R_EF 2 - V_NORM 2 R_EF I)
I

I
I

I

I BEAR_CC : ARCTAN2(V_NORM 3 R_CC_MAG, V_NORM I
I
I

!
!

I
_L_ _|

R._CC_EF 2 - V_.NORM2 R..CC_EF I) I
I

.... |
!
!

I

,'BEAR_CC < 0 k_.__l BEAR_CC : BEAR_CC + 2 PI 1

I_/ I................... I
!
I

I

g. ...i-
i L
I I

SIN_THET_VEH_CC = (I _ COS_THET_VEH_CC 2 )I/2 {
I
I.... I

|
!

I COS_THET_VEI-L_WPI : COS_THET_VEH_CC + 0.5 SIN_B SIN..B COS_THET_VEH_CC
i
I

SIN__BEAR_CORR = SIN..B/SIN_THETVEH_CC
I
I

I A2 : ARCCOS(COS_THET_VEH_WPI SIN_BEAR_CORR)
!

i
I

i
I

I
I

(CONT)
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ENT_RNG_BEAR(CONTINUED)

I DIST_VEH_WPI: ARCCOS(COS_THET_VEH_.WPI)R_CC_MAG I
I t
' BEAR_VEH_WPI : BEAR_VEH - P ARCSIN(SIN_BEAR_CORR) _

' iI

t A3 : .5PI - A2 + P (AZIMUTH_RW - BEAR_CC) I
! I

!
I

I
I

!

I A3 < A3_TOL k.___l A3 : A3 + 2 PI 1

I_ __/ 1.................1
!
!

I

I D_ARC : A3 RADIUS_NEP I
I I
I .................. I

i
t

I
..... L ........ , __

I RNG_TO_RW_THRESH : (DIST_VEH_WPI + D_ARC - X_NEP) NAUTMI_PER_FT I
I I
i.... i

I
I

I

I ]/. _NORM : ]i _EF x ][ _BHO_EF I
I I
I I

I PSI : ARCTAN2(V._NORM 3 R_VEH._MAG, (V._NORM I R_.EF2 -V_NORM 2 R_EFI)) I
I I
I.............. I

I
I

I

I DELAZ = PSI - BEAR_VEH_WPI I
t............... t

I
t

!

I ABWL(DELAZ) > PI X.___I DELAZ = DELAZ - 2 PI SIGN(DELAZ)

W
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TACAN_DISP_COMPS

78FM56

__j__s MODE)....
I TAC_AZ I = TACBEARO I DEG_PER._RAD

I DO FOR I = I, 3 k._._I TAC..MODE ___.__.I
, /

I
t

I
I

L.__.___._./ I I TAC..BNG I = TACRANGEO I NAUTMI_PER_FT I
I I I
t I ....... --- I

!
I

__[ .... I TAC_AZ I = BLANK {

I TACAN_CHAN_VALID_SL I = OFF k.____[ I

............ / [ TAC..RNG I : BLANK_

I TAC_MODE_DISP : TAC_MODE I
I I

I I

___L ......CDE3.TAMO_DK}
I _ _EST : _ .J_F - K _TACAN.-EF--SL I L
' I
I !

I R _TEMP = M_EFTOTD_TACAN_SL I _ _EST
I

I
I

TAC_RNG I = (TACRANGEO I - ABVAL(K _EST))
I

NAUTMI__PER_FT

TEMP = (TACBEARO I - (ARCTAN2(R--TEMP 2 , R--TEMPI) -

] ANGLE_CORR_TNTOMAG_SL I + PI)) DEG..PER._RAD
I

I
I

t

ABVAL(TEMP)\

, \_]TAC_AZ I : TEMP - SIGN(TEMP) 360°_I

I > 180 ° / I __ I

o_l TAC__AZI : TEMP I
I !
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APPENDIX H

OFT-I CHANGE PAGES

The pages contained in this Appendix are replacement pages for the body of
this document. These pages convert the expressed navigation requirements
into the requirements approved for OFT-I.

H-I



Table 4.1.1-I.- OPS-3Level B Events

78FM56

Event
No. Event Name NayCriteria NayAction

85

59

A20

El

E11A

OPStransition to
OPS-3(MM301)from
OPS-2

OPStransition to
OPS-3(MM301)from
OPS-I (MMI06)

OPStransition to
OPS-3(MM301)from
OPS-I (MMI05)

OPStransition to
OPS-2from OPS-3

Initiate power
flight navigation

El0 Modetransition
to 301from 302

E15 Modetransition
to 303 from 302

E16B Modetransition
to 301 from 303

E20 Three-state to

OPStransition to
OPS-3(MM301)from
OPS-2

OPStransition to
OPS-3(MM301)from
OPS-I (_@4106)

OPStransition to
OPS-3(MM301)from
OPS-I (_I05)

OPStransition to
OPS-2from OPS-3

Deorbit maneuver
begins in TBD
seconds

Modetransition
to 301 from 302

Modetransition
to 303 from 302

Modetransition
to 301 from 303

MSBLSrange and

OPStransition initialization.
Initiate entry navigation
(deorbit preparation phase).

Sameas above

Sameas above

Reducethree-state to one-
state and save off OPS-2
initialization data.

Cancelentry navigation
(deorbit preparation phase).
Initiate entry navigation
(deorbit execute phase).

Cancel entry navigation
(deorbit execute phase).
Initiate entry navigation
(deorbit preparation phase).

Cancelentry navigation
(deorbit execute phase).
Initiate entry navigation
(entry phase)

Cancel entry navigation
(entry phase). Initiate
entry navigation (deorbit
preparation phase).

Cancel entry navigation
pre-land navigation.

Q

•Current Level B event numbers.
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(2)

78FM56

Deorbit execute navigation phase - The deorbit navigation phase will begin

whenever the deorbit execute major mode (302) is active and the event flag

indicating the deorbit burn is to begin in TBD seconds is on. This phase

uses the entry navigation principal function. The deorbit/landing naviga-

tion sequencer will provide the capability to cancel the current entry navi-

gation principal function and to initialize the deorbit burn flag to ON to

prevent measurement processing. The capability will also be provided for

sequencing the entry navigation principal function at the designated func-

tion at the designated repetition rate.

[This area is _tentionally left blank]

(4)

(5)

Entry navigation phase - The entry navigation phase will begin at initia-
tion of the pre-entry monitor major mode (303). This phase will use the

entry navigation principal function. The deorbit/landing navigation

sequencer will provide the capability to cancel the current entry naviga-

tion principal function.

The deorbit burn flag will be set to OFF to enable measurement processing.

After completion of initialization, the capability will be provided for

sequencing the entry navigation principal function at the designated

repetition rate.

Preland navigation phase - The preland navigation phase will begin whenever
MSBLS is available at the landing site, Major mode 304 or Msjor mode 305 is

active, and the selected MSBLS range and azimuth data are valid.

This phase will use the preland navigation principal function.

Upon satisfaction of the transition Criterion, repetition of the current

entry navigation principal function will be cancelled. The flag indicating

three-state-operation will be turned OFF.

NAV__THREE__STATE = OFF

Finally, a flag is to be set to indicate preland transition complete.

' NPRELAND_TRANSITIO = ON

H-3



78FM56

B.

The capability also will be provided for sequencing the preland navigation

principal function at a premission determined repetition rate.

Interface Regui_r_e_ments. The deorbit/landing navigation sequencer principal
function will be sequenced at least once at the beginning of Major Modes 301

and 303. This principal function will be sequenced at a 0.52-Hertz rate

upon entrance to Major Mode 302 until the requirements associated with the

deorbit burn event flag are completed and upon entrance to Major Mode 304

and for Major Mode 305 until the requirements associated with valid MSBLS

data are completed.

C. Pro cesAin_l__quireme_ntA. Before the OPS-2 initialization subfunction can be

accomplished, entry navigation must be executed at least once.

D. _/l_. OPS_3_RECONFIGURE and PRELAND TRANSITION shall be initialized
to 'OFF'

E. Su_ql[m%_tal Infq[matio/i. A suggested implementation of these requirements

is illustrated in Appendix B, DEORBIT/LANDING_NAV_SEQUENCER.
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This is the perturbing gravitational acceleration vector needed for the equa-

tions of motion of the Shuttle. The values of GMD and of GMO may be set by

the user independently. However, it is necessary that GMO _< GMD. A maximum
value of 4 for GMD will be used, which will make the array _ONAL have 4 com-

ponents, the arrays _ and _ have 9 components each, /ETA._REAL_ and ZETA_IMAG

have 5 each, and A have a maximum dimension of 5 by 2.

The terms shown in the Earth's gravity calculations as CL and SL are usually

represented by Cn, m and Sn,m, respectively, but were renumbered for single

subscript utilization; the terms called ZONAL N correspond to JN"

A suggested implementation of this task is shown in the detailed flow chart,

ACCEL_.EARTH_GRAV CODE, in Appendix B.

The S. Pines formulation of the gravitational potential may be found, in

condensed form, in the paper "Uniform Representation of the Gravitational

Potential and its Derivatives," AIAA Journal, Vol. II, No. 11, November 1973.

In expanded form, and with an earlier draft of the computer program herein

presented, it may be found in JSC Internal Note No. 75-FM-29, of May 27,

1975, "Use of a Nonsingular Potential."

r

4.2.1.2.2 _.r.gg.

The computation of drag accelerations will vary according to the values of

an input indicator, designated here as GMD.

The value /_ of this acceleration will be set to zero when the acceleration
function is called.

If GMD _ 4, the value of _ shall not be (:hanged.

If GMD = 4, _ shall be computed as

: - CD RH0 DRAG_.CONST I_-B[ _._R m

where the CD is the vehicle's drag coefficient; [._R = I._REL ([,_), where [ and

are, respectively, the velocity and position vectors in M50 coordinates; _..REL

is the function that computes the relative velocity of the vehicle with respect

to the atmosphere (assuming no wind), described in Section 4.4.5.2; RHO is the

density of the earth's atmosphere; and DRAG_CONST is one-half the cross-sectional

area of the vehicle divided by the vehicle's mass, a premission-stored constant,

updated in value by the Deorbit/Landing navigaiton sequencer principal function

(section 4.1.1).

w

The calculations will be performed in the following order: First, the altitude

(needed for the computation of the atmospheric density, RHO) will be obtained

from the expression

W

H-14
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ALT : H..ELLIPSOID(_)

H_ELLIPSOID is the function that computes altitude above the reference ellipsoid
described in section 4.4.5.1.
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C_DRAG : C_DRAG_ZERO + ALPHAR (C_DRAG_ONE + ALPHAR C_DRAG_TWO)

Q_DRAG : H_S gn (C._DRAG DRAG_CONST RHO_ZERO

DT..FILT ][ ..BHO • _[ _RHO )/ I(I _V_RHO • _IV)I) F3

where

__REL(X,K) is described in section 4.4.5.2.

and

M_SBODYM50 is obtained by executing the coordinate transformation
subfunction SBODY TO M50 (Section 4.4.3.7)

DRAG_CONST will be defined as the vehicle reference area divided by twice the

vehicl mass. Initially the DRAG_CONST is premission loaded and re-computed

anytime a major mass change occurs, by the deorbit/landing navigation sequencer

(section 4.1.1). The residual shall then be computed by

DQ : Q_DRAG - Q - BIAS_DRAG

The above calculations will be performed for each state vector. The variables

used in these equations shall be set equal to the following parameters prior to
execution of the calculations described herein:

]i : /i_FILT_ONE, ]i _RILT_TWO, or ]i _FILT THREE

][ : ][_FILT_ONE, ][ _FILT_TWO, or ][ _FILT_THREE

w

DV : DV_FILT_ONE, ]_V_FILT_TWO, or DV_FILT_THREE

For each state vector, the resulting residual, DQ, will be saved as DELQ_ONE,
DELQ_TWO, or DELQ_THREE. The vector selection subfunction (Section 4.2.5)

will reduce the three residuals to a single residual, DELQ, for subsequent
use in the residual edit test.

F3This equation shall be protected against division by zero (Reference 3.6.3).
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_. The partial derivatives of the altitude measurement with

respect to the state are to be computed as follows:

]__FILT : VECTOR SELECTION (_L.FILT_ONE, ]_.FILT_TWO, ]__FILT_THREE)

_I to 3 = UNIT (_.FILT)

to 6 = 0

The variance of the drag altitude measurement error w_ll be defined by

VAR : VAR_DRAG

H-21
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Table 4.9.- Mission Dependent Parameters (cont.)

I
I
I, Parameter
!
|.....
!
!

[M_M5OTOEF_AT_

IEPOCH
i
|

!
i

1REF_AREA
|
|

I_CALE_HT
[
|

|
|

IT_EPOC H
|
|

I
{
i
|

|
I

liCENSE
i
|

i
|

ISEA__LEVEL_

IDENSITY
!
i

I
|
|

tRADIUS.._EP
I
|

I
I

IIt_HAC_RW
I
|

!
|

tx.jqB_ca
I
I

I
tx_.P
!
I
I
I

1Z_NB_CG
|
!

l
l

l
|

l
|

t
! •
|
!
I

I
|
!

I I I I
| I | I

Units I Data IPrecisionl
I I "" De I I

_ _t ..... t__ _J-_Y ..... t ......... L _

ft2 |

ft

See

!
I

Definition {

!
_, _|

!
l

S Transformation matrix from M501

to earth-fixed coordinates at I

T_EPOCH I

M(3)

F

Arr

I I

! S I Orbiter Reference Area.

DP

Array of scale weights for

each layer to model drag

Time tag for EARTH_POLE

M_M5OTOEF_AT_EPOCH

I
|

Var- I

ious I
I

slugs/I

ft3 I
l
l

ft

ft

ft

ACCELERATION MODEL PARAMETERS
|
i

Arr S I Density model constants
|
|

|
!

F S I Sea level atmospheric density

| I
!
!

ft
I

! ft

|

I

v(s)

F

F

F

I
I

I| S
I
I
I
I

I s
I
|

!
I
!| S
!
!

I
t s
t
t
!| S
|
|

t
!
I
!
!

I
!
|

I
t

I
|

I Radius of nominal entry point

i heading alignment circle

Position vector of HAC center
i
, in runway coordinates

I X_TRUCT_BODY distance from
I
! navigation base to cg

I Runway X-comonent of the HAC
!, oenter

I
I Z_STRUCT_BODY distance from

I navigation base to cg

t
i
|

t
|

t
I
t
t

I
..... |

Q
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t,

I I | I I
! I ! ! I

I Variable Name _ Data I Initial I Coord 1 Variable Description

I t Type I Value__[_Frame___[ ..........| ......................
I I I
! I I

IDNM I S I
I ! I
I ! !

I I I
IDNSA I S 1
! !
! t
I !
! !

IDNSB I S
I I
! !

! !
! !

IDNSC [ S
! I
! !

l !
! !

IDO._BARO_.NAV I BIT
l !
! !

! !
! ! !
! !
! !

IDO._DELTA_UPDATE I BIT
i
I
I
!
i
I

IDO_DRAG._NAV
!
!

l
!
l
!

IDO._MLS_NA V
!
!

!
!

IDO_TA CAN._NAV

IDQ
!
!
i
I

IDR
I
!
I
!
!
!
I
I

0

0

I
I
I
!
I
I

I BIT
I
!

I
!

I
!

I BIT
I
!

l
!

I BIT
i
l

!
!
!
!

Is
!
I
!
!

IV(3) I
I I
! I
! I
I !
! !
I !
I !

...... L ....... L

0

0

Off

o_t

! Off

Off

i Off

Variable used in Pine's

formulation

I
!
I
l
i

I

Variable used in density

calculations

Variable used in density

calculations

Variable used in density

calculations

Flag indicating (ON) that
barometric altimeter data

are to be processed

Flag indicating (ON) that

delta update is to be

performed

Flag indicating (ON) that

drag altitude data are to

be processed

Flag indicating (ON) that

_S data are to be processed

Flag indicating (ON) that

TACAN data are to be proc-
essed

General term for measurement

residual

M50 I Ground computed position
!

! ! deviation to update onboard
I state vector (rotated to
!! mean 50 coords)
l

.... L ......... L ..... I

*The DRAG_CONST is recomputed every time a major mass change occurs as described
in Section 4.1.1
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I
I

I Variable Name
i

I
I

IDRAG_.AIF
!
i

IDRAG__IR..RECD
i
!

i
i

IDRAG_CONST
i
i

I
q

i
I

i
4

_DRAG_EDIT

IOVERRIDE
i

I
I

I

1DRAG_MA RK._NUM
i
I

!
i

I
I

i
i

IDRAG_STAT
I
|

I
I

!
I

' R
!
!

I
I

(
I

!, I
[ Data I

.[Tv__ t
i I
I

! CHAR
l !
I !

I CHAR

BIT

I

[ INT
i
I

I
i

!
I

!
i

I BIT
I
I

I
I

I
I

I v(31
I
I

I
I

i

IDT_DEORB_PF__NAV I S
!
!

I
!

!

IDT_DEORB PREP

INAV
I
I

!
i

!
i

IDT_ENTRY__AV
I
I

i
i

i
!

IEDIT..ARRAY
I
I

!
i

S

S

i I
I i

Initial I Coord I Variable Description

_Value _ I _ Fram_L, L .................

I

Auto

[ Auto

Pad ,*

Off

Off

Pad

!

Pad

I

Pad

, ARR O

..... L ....... __ ...........

I
I

I
I

I
I

I
t

I
I

I
I

I
I

I
I

I
!

I
I

I
I

I
I

i
i

I
I

I
t

I
I

I
I

I

I
I

l
I

I
!

I
I

I
I

i
I

I
I
I, RW
i
I

!
i

i
I

!
I --

I
!

I
I

I
|

(
! --

I
I

!
I

!
I

!
I

i
i --

I
I

I
I

!
I

l
I --

i I
I

!

Drag/auto/inhibit/force flag

Flag indicating which DRAG_AIF

command is in effect

Drag constant equal to the
vehicle reference area

divided by twice the vehicle

mass

Switch used to force

incorporation of drag altitude

measurement regardless of

residual edit test

Counter indicating the

'number of times that drag

measurement was selected for

filter processing

, Flag indicating (ON) that

drag data are processed for

statistical display only

I Ground computed position

deviations to update onboard

state vector

Sequencing time interval for

entry navigation during

deorbit burn

Sequencing time interval for

entry navigation during

coasting flight prior to

deorbit burn

Sequencing time interval for

entry navigation after

completion of deorbit burn

Array of last 10 edit flags

for display processing

g
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I I I I I
I Variable Name I Data I Initial I Coord I

L __[Type [__Va1_e
!
I

IEDIT_FLAG
I
I
i
I

{ELEM I
i
i

I
i

IELEM 2
!
I

I
I

IELEM 3

ELLIPT

EPS_TAG

E_TEMP

EVENT El

lEV_LT

I
I

BIT I Off
I
i

I
I

s I o
I
!
I

s I o
I
I
i
I

s I o
!
I
I
I

S I Pad
i
I

S I Pad
!
I

I
I
!
!
!
I

I
M(6) I 0

!
I
I
!

I
I I -

I
I
I
I
I
I

BIT I Off
! !

I

I
Ii Pad
i
I

I
I

!i Off
i
i

i
I

I o
!
I
!
I
!
I
!
i
!

IEXP_SHAPE_FACTOR I S
I
I
I
I

IEVENT E-14A BIT
!
I
I
I

IFIFTY , M(3)
I
i

I
I

I
! I
I
I

i
! ............... L ..... I

___I _Frame __[_
I
I
I
I
I
I
I

Variable Description

I

l

General variable for edit

flags

I
I
I
I
I

Variable used by midselect

to select middle element

Variable used by midselect

to select middle element

Variable used by midselect
to select middle element

Earth ellipticity constant

Criterion for difference

between measurement time

and state time, above which
the filter state will be

extrapolated for residual

calculations

Temporary matrix for
covariance matrix initial-

ization

Flag indicating (ON) a

transition from OPS-3 to
OPS-2

Temporary flag used to set

nay validity flag

Exponential shaping factor

for drag coefficient model

, MSC event - oms cutoff

con firm ation

General transformation matrix

from EF to M50 coordinates

I I

..... C ......... t ......... .............. |
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I L I ' '! !

I Variable Name I Data I Initial I Coord I

' I Tvne I _Value ....[_F__ame [| .... ..............
I I I
! I I

1FILT_UPDATE ! BIT 1

I I
! !
I !

I I
! !
I !

FI IS I
' I I

I I
F2 I S I

I I
I I
I I
I I

IF3 I S I
I I, ! I
I I !
! ! !

IF4 I S I
l, I I
I ! !
! ! I

I_. IV(3) I
I I! ! I

IQ IS I
! I !
I I !

IQ_AZMLS I S I
! I! ! 1
! I !
! ! !

IQ_ARO I S I
I I I
I I I
I I I
! I I

IQ_RAG IS I

I I I
I I !
I I I

IQ._LMLS I S I
' I II
! I! ! I
I Q.._50..J3ODY I V (4) I
I I !
! I !

I I! ! I

I Q...RANGE IS I
! I !! I

IQ_TAC._BRG I S I

I 1 I
I I !
I • I |

IQ_TAC_R IS I
l l l
l l l

l l
| ......

Off

0

0

0

0

0

M50

Variable Description

I
!

Switch indicating (ON) that I

current measurement processingl

is complete for UPP prop-

agator reset

Auxiliary variable in Pine's
formulation

Auxiliary variable in Pine's

formulation

Auxiliary variable in Pine's
formulation

! Auxiliary variable in Pine's
formulation

I Gravity acceleration

Measurement estimate

MSBLS azimuth sensor

mea suremen t

Barometric altimeter sensor

measurement

Pseudo drag altitude generated
sensor measurement

MSBLS elevation sensor

measurement

0 M50 I M50 body frame altitude
l
, quaternion
I

0 ! - I MSBLS range sensor measurement
l
l

O - I TACAN bearing seneor
I measurement
!
I

0 ! - I TACAN range sensor measurement
l l
i

! l
[ ......... I ........ L_

D
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I I I I
t t I I

I Variable Name I Data I Initial { Coord

............. t !v_e_ _L _Val_u_e __= I __Frame__ _
!
!

I
I
I
I

IRAD_PER_DEG
I
i

I
I

IRAW_RA_PROC
I
I

I
i

[R_AZ_COUNT
l
!

I
I
I
!
i
i

IR__Z_COUNT_MAX
i
I

i
I

I
I

i
i
i
i

I
I

I__AZMLS
I
!

I
!
l
t

I__AZMLS EF
i
i

I
t

ILCOV_LAST
I
I

I
I
I
I

_LEF
!
I

t
i

1RELAREA
t
i

ZLELMLS
I
I

i
I

I
!

ILELMLS_EF
[
i

I
I

V(3) I
f
!
I
I

s 1
!
!

!
I

BIT I
l
I

I
I

INT 1
I
I
!
I
I

I
s 1

I
i

I
!
I
I
I
!
i
!
I

V(3) 1
l
I

I
!
!

V(3) I
I
I
I

V(3) I
l
I
I
I

V(3) I
I
i

|
l

s I
I
I

V(3) I
I
l
I

I
l

V(3) I
I
!

I /
I ................ L ....... l .......

0 M50

Pad

Off

0

Pad

0 MSO

Pad EF

0 M50

O EF

Pad
I

O M50

t

0 , EF

Variable Description

!
l
I
!

l

General Shuttle position
vector

Conversion constant - radians

per degree

! Radar altimeter processing

flag

Running count of number of

consecutive MLS azimuth and

range measurements failing

data good test

Prescribed number of con-

secutive MLS azimuth measure-

ment data-good 'fails' to
force inhibit of MLS

processing and allow TACAN

processing

I Position vector of MLS

azimuth scanner in M50

coord !hates

Earth-fixed MLS azimuth

scanner position vector

Updated vehicle position
vector associated with

current covariance matrix

General position vector in
I! earth-fixed coordinates
!
!

I Orbiter reference area !
i
i

L Position vector of NLS
t! elevation scanner in M50

I c_ordinates
I
I

I Earth-fixed MLS elevation !

I scanner position vector
I

...... i ........... L ............................... I
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I I I I I
l I I I I

I Variable Name I Data I Initial 1 Coord 1

I ........ I Tvne _[__ Va)ue ___[_ Fr_e |
I
!

IEEL_R V (3)
I
I

I
I

tRESID_TEST S
I
I

IY._CURRENT_FILT_ V(3)
ITHREE
I
!

l
I

Iy._CURRENT_FILT_ I V(3)

ITWO
l
l

l
i

1VEH.J_ASS
l
I

_]LFILT
i
i
I
l

[___'ILT_IN IT
I
!

i
I

t]L_FILT_ONE
i
i
I
I

Iy__FILT_THREE
!
t

i
I

ILFILT_TWO
i
l

I
I

IlL_FINAL

I
!
I

I]L_GND

i
t
I_._IMU_R_.S_.T
I
I
I
I

t
!
I

[]LINIT
i
I

S

V(3)

V(3)

I

v(3)

i v(3)
i
I

I
I

I v(3)
I
i

I
I

I v(31
I
I
!

I v(3)
I
!
I

[ 7(3)
I
!
I

I
I

, I

I
I v(3)
t

Variable Description

I
!

I o M50

g

0 M50

OPS 3

0

0

O

O

O

LL ........

O

M50

i

M50

I
!

I Vector from sensor ground

station to vehicle
I
!

I General resid test variable
!
I

I Current accumulated IMU three

velocity counts reserved for

measurement processing

Current accumulated IMU two

velocity counts reserved for

measurement processing

Current orbiter mass

Shuttle current velocity

vector

M50 [ Shuttle velocity vector for
l, OPS 3 initialization
i
!

M50 I Shuttle velocity vector,

I State I
i
!

M50 I Shuttle velocity vector,

I State 3
i
i

M50 I Shuttle velocity vector,
i! State 2
i
!

M50 I Shuttle velocity vector

1 predicted to current time
l
!

MS0 I Uplinked velocity vector for

I Whole vector update
i
l

_50 t Copy of Ji_last_FILT reserved

I as velocity count at start
!, of extrapolation interval

I when guidance integrator

I is reset

t
MSO I Initial velocity vector

i

I
!
I
I
I

6
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I
I

Variable Name
I
|__
I
I

S__LAST
I
I
I
I

I_L_LAST_FILT
I
I

I
I

I I I I
I Data i Initial I Coord

I TyD e__[___Vglue _J _ Fr_ame J_....
I
I

! v(3) o _o
I

I
I v(3) o _o
I
I

i

I
I

Variable Description
I

.... |

General variable for previous

IMU accumulated velocity

Previously read selected

accumulated IMU velocity

I]L_LAST_FILT_ONE t V(3)
! I
I I
I I

IY._LAST..FILT_ I V(3) I 0
ITHREE I I
I I I
I I I

I_LLAST_.FILT_TWO I V(3) I O
i I
! I

I !
I !

l.V.._ v(3) I o
' I!

! i
I I

IE__ES_T v(3) I o
' II
! i

' II
! i

' II

l.V.._xo v(3) I o
I I
! !
! I

I_LRHO_BODY V(3) I 0

0

I I I

........ _ L ......... L_ _

HSO

M50

MSO

M50

M50

MSO

Body

Previously read accumulated

IMU I velocity

Z Previously read accumulated
!, IMU 3 velocity

I
I Vehicle relative velocity

vector

Vehicle relative velocity

vector

[ Vehicle velocity vector after
I, all navigation updates

i reserved for reset of guid-
i, smce integrator velocity

I vector

I
I Vehicle relative velocity

I vector
i
!

I Vehicle relative velocity

vector in body coordinates
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DEORBIT/LANDING_NAV_SEQUENCER

!
|

I _GIN

MM 301 /
I
I.............. /

I
1
!
I

I
I

I
I
!

I
I

!
I
!
I

I
I
I

I
I
I
I

I

i \i

I INITIATE__PWR_ \

,'FLIGHT_.NAV__

I I

I I EXECUTE OPS._3_ IB3

\ I \ I I INITIALIZE CODE I

k__._i oes_3_ \ I i. I
[ RECONFIGURE >.... I
I I I li : OFF / , ,
I
| .......... /

I EVENT : ON
I

l
|

I
|

l
l

l
l

|
l

i
l
I
l

,' I OPS__3_ RECONFIGURE ||

' I :ON |I l

l l |
I |_ ..... l

I
| I iI I

I_I CANCEL NAV_ENTRY IB-IO
! l

I I
l I

[ SCHEDULE NAV__NTRY; REPEAT EVERY {B-IO

||DT_DEORB_PREP_NAV ||
l !

I I
I I

>......... I CANCEL NAV_ENTRY IB-IO

/ I I

I
I
I

| II

I DEORBIT__BURN : ON 1
l i
In,................... l

I
l

i
.......... L___
i
l

|' I SCHEDULE NAV_ENTRY; REPEAT EVERY IB-IO

l || I DT_DE ORB_PF_.NA V |
! I I

I
i

I
I

| \I

i MAJOR MASS \
l | I| CHANGE EVENT \ | |

I EVENT E 14 A >..... I DRAG_CONST = 0.5 REF_AREA/VEH_MASS I
II (OMS CUTOFF / I .,

I CONFIRMATION) /

I ..../
i
|

l
|

(CONT)

O

i
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(CONT)
I
I

I
I
I

I \ I 1
[ BEGIN k__.__l CANCEL NAV..ENTRY IB-IO
I
, _ 3Ol / I .... I

I

I I
I I

I DEORBIT..BURN --OFF I

I
I • __]

I !
I !

[ aC_DULZ _V..._TR_; REPEAT _.VERX iB-IO
, [ DT_ENTRY_NAV [

I _t

I

( CONT )

78FM56
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Z
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APPENDIX H

STS-I CHANGE PAGES

The pages contained in this Appendix are replacement pages for the body of this

document. These pages convert the expressed navigation requirements into the re-
quirements approved for OFT-I.
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TABLE 4.1.1-I.- OPS-3 LEVEL B EVENTS

I

!

Event Name !
i

OPS transition to

OPS-3 (MM301) from

OPS-2

OPS transition to

OPS-3 (MM301) from

OPS-I (_I06)

OPS transition to

OPS-3 (MM301) from

OPS-I (Iv_I105)

OPS transition to

OPS-2 from OPS-3

Initiate power

flight navigation

Mode transition to

301 from 302

Mode transition to

303 from 302

Nay Criteria

OPS transition to

OPS-3 (MM301) from

OPS-2

! !

! !

! Nav Action !
I I

___L _ .... °

!

OPS transition initiali- !

zation. Initiate entry !

navigation (deorbit

preparation phase).

OPS transition to

OPS-3 (MM301) from

OPS-I (MMI06)

OPS transition to

OPS-3 (_@_301) from

OPS-I (_@4I05)

OPS transition to

OPS-2 from OPS-3

Deorbit maneuver

begins in TBD
seconds

Mode transition to

301 from 302

Mode transition to

303 from 302

Same as above.

Same as above.

Reduce three-state to

one-state and save off

OPS-2 initialization

data.

Cancel entry navigation

(deorbit preparation

phase). Initiate entry

navigation (deorbit

execute phase.)

Cancel entry navigation
(deorbit execute phase). !

Initiate entry navigation!

(deorbit preparation I

phase). !
I

Cancel entry navigation !

(deorbit execute phase). I

Initiate entry navigation!

(entry phase).

4. I. I-8 (STS-I)
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Deorbit execute navigation phase - The deorbit execute navigation phase

will begin whenever the deorbit execute major mode (302) is active and

the event flag indicating the deorbit burn is to begin in TBD seconds

is on. This phase uses the entry navigation principal function. The

deorbit/landing navigation sequencer will provide the capability to can-

cel the current entry navigation principal function and to initialize

the deorbit burn flag to ON to prevent measurement processing. The ca-

pability will also be provided for sequencing the entry navigation

principal function at the designated repetition rate.

Entry navigation phase - The entry navigation phase will begin at

initiation of the pre-entry monitor major mode (303). This phase

will use the entry navigation principal function. The deorbit/landing

navigation sequencer will provide the capability to cancel the current

entry navigation principal function.

The deorbit burn flag will be set to OFF to enable measurement

processing.

After completion of initialization, the capability will be provided for

sequencing the entry navigation principal function at the designated

repetition rate.

Preland navigation phase - The preland navigation phase will begin

whenever MSBLS is available at the landing site, Major mode 304 or

Major mode 305 is active, and the selected MSBLS range and azimuth data

are valid.

This phase will use the preland navigation principal function.

Upon satisfaction of the transition criterion, repetition of the cur-

rent entry navigation principal function will be cancelled. The flag

indicating three-state-operation will be turned OFF.

NAV_THREE_STATE = OFF

Finally, a flag is to be set to indicate preland transition complete.

PRELAND__TRANSITION : ON

The capability also will be provided for sequencing the preland naviga-

tion principal function at a premission determined repetition rate.

4.i.i-6 (STS-I)
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Bo Interf_q_J_qu_i_em_ts. The deorbit/landing navigation sequencer principal

function will be sequenced at least once at the beginning of Major Modes 301

and 303. This principal function will be sequenced at a 0.52-hertz rate

upon entrance to Major Mode 302 until the requirements associated with the

deorbit burn event flag are completed and upon entrance to Major Mode 304

and for Major Mode 305 until the requirements associated with valid MSBLS

data are completed.

C. Proe99___Requirgments. Before the OPS-2 initialization subfunction can be

accomplished, entry navigation must be executed at least once.

D. _. OPS_3_RECONFIGURE and PRELAND_TRANSITION shall be initialized

to 'OFF'.

E. _unplemen_al I_fqrmatlon. A suggested implementation of these requirements

is illustrated in Appendix B, DEORBIT/LANDING_NAV._SEQUENCER.

4. I. I-7 (STS-I)
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4.2.1.2.2 D_rag. The computation of drag accelerations will vary accord]n_ t,,

the values of an input indicator, designated here as GMD.

The value D of this acceleration will be set to zero when the acceleration func-
tion is called.

If GMD _ 4, the value of D shall not be changed.

If GMD : 4, D shall be computed as

D = - CD RHO DRAG. CONST IV RIV R

where the CD is the vehicle's drag coefficient; V _R : V _REL (V, R), where V and

are, respectively, the velocity and position vectors in M50 coordinates; V _REL

is the function that computes the relative velocity of the vehicle with respect

to the atmosphere (assuming no wind), described in Section 4.4.5.2; RHO is the

density of the Earth's atmosphere; and DRAG CONST is one-half the cross-

sectional area of the vehicle divided by the vehicle's mass, a prem_ssion-stored

constant.

The calculations will be performed in the following order: First, the altitude

(needed for the computation of the atmospheric density, RHO) will be obtained

from the expression

ALT : H_ELLIPSOID(R)

H_ELLIPSOID is the function that computes altitude above the reference

ellipsoid, described in Section 4.4.5.1.

The density then will be found, from different equations; the equation used

will depend on the altitude range. For ALT _ ALTZONE_CHANGE,

RHO : SEA_LEVELDENSITY EXP IDENSE I + DENSE 2 ALT + DENSE3/ALT) FI

For ALT > ALT_ZONECHANGE,

RHO = SEA LEVEL DENSITY EXP (DENSE 4 + DENSE 5 ALT + DENSE6/ALT ] FI

Once the atmospheric density has been obtained, the velocity V _R, relative

to the atmosphere but expressed in MS0 coordinates, will be found.

FI-This equation shall be protected against floating point overflow (Reference

3.6.1).

4.2.1.2.2-I (STS- I)
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ALPHAR : IARCTAN (V RHO_BODY 3/V_ RHO_ BODYI ) I (F7, F3)

C_DRAG = CDRAG_ZERO + ALPHAR (C_DRAG_ONE + ALPHAR C_DRAG_TWO)

Q_DRAG : HS _n (CDRAG DRAGCONST RHO_ZERO

DTFILT (_V_RHO • V _RHO)/I(_V _RHO DV) I) F3

where

V REL(V, R) is described in Section 4.4.5.2.

and

M SBODYM50 is obtained by executing the coordinate transformation

subfunctin SBODY TO M50 (Section 4.4.3.7)

DRAG_CONST, defined as the vehicle reference area divided by twice

the vehicle mass is premlssJon loaded. The residual shall then be computed

by

DQ : Q_DRAG - Q - BIAS_DRAG

The above calculations will be performed for each state vector. The vari-

ables used in these equations shall be set equal to the following parameters

prior to execution of the calculations described herein:

= R _FILT_ONE, R _FILT_TWO, or R _FILT_THREE

= V _FILT ONE, V _FILT_TWO, or V _FILT_THREE

DV : DVFILT_ONE, DV_FILT_TWO, or DV_FILT_THREE

For each state vector, the resulting residual, DQ, will be saved as DELQ_

ONE, DELQ_TWO, or DELQTHREE. The vector selection subfunction (Section

4.2.5) will reduce the three residuals to a single residual, DELQ, for sub-

sequent use in the residual edit test.

P

F3-This equation shall be protected against division by zero (reference 3.6.3).

F7-This equation shall be protected against arc tangents with both arguments

equal to zero (reference 3.6.7).

4.3.1.7.1-2 (STS-I)
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I I I I I I
I I I I I I

I Variable Name I Data I Initial I Coord I Variable Description 1

I I I ................ ._ I

I
I

IEPS_TAG S Pad -

E_TEMP

i

EVENT El

{

IEV_LT
I
{

I
{

IEXP._SNPE_
IFACTOR
!
I

IFIFTY

FILT_UPDATE

FI

M(6)

BIT

S

M(3)

BIT

Off '

Pad

0

Off

Criterion for difference

between measurement time

and state time, above which

the filter state will be

extrapolated for residual
calculations

ITemporary matrix for

covariance matrix initial-

ization

IFlag indicating (ON) a

Itransition from OPS-3 to

{OPS-2
i
I

ITemporary flag used to set

Inav validity flag
i
|

IExponential shaping factor for

drag coefficient model

General transformation matrix

from EF to M50 coordinates

'Switch indicating (ON) that

current measurement processing

_is complete for UPP propagator
reset

IF2 S 0 , -
I
(

I
_F3 S 0 -
I
I

I
I

IF4 , S , 0 -

I
!
i............ _t _t. _ _ ,......... L ......... ,......

IAuxiliary variable in Pine's
formulation

i
I

IAuxiliary variable in Pine's
Iformulation

I

IAuxiliary variable in Pine's
Iformulation

!

IAuxiliary variable in Pine's
Iformulation

A-14 (STS-I)
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I
I

I Variable Name
I
l....
I
I

IQ_TAC_BRG
I
I

I
I

IQ_TAC_R
!
I

RAD_PER_DEG

RAW_RA_PR OC

R_AZ_COUNT

I

I I I I I
I I I I I

I Data I Initial I Coord I Variable Description I
..... L_'r vl:_-<__ L __ _V_i_l_u_e.... I__ F_r>__aple__L ...................... I

S

V(3)

S

BIT

INT

I
I I
I
I

I
I

__ ....... L ....... L_

I RJZ_COUNT__MAX I s
i I
I I

I I
I I
I I
I I
I.IL_AZMLS I V(3)
I I
I I
I_ _AZMLS_EF I V (3 )
I I
I i
I I
i i

IR _COV_LAST I V(3)
I I
I I
I I
IK ..EF I V(3)

I I
I I
IR _.ELMLS I V(3)

I
I
I

I
I
i

Pad

Off

0

Pad

0

M50

EF

M50

EF

M50

I
!

TACAN bearing sensor I

measurement I
l
I

TACAN range sensor measurement !
l
I

IGeneral Shuttle position I
!vector i
l !
i I

IConversion constant-radians I

Iper degree I
I I
I I

IRadar altimeter processing flagl
I
I

IRunning count of number of

Iconsecutive MLS azimuth and

Irange measurements failing

Idata good test
i
l

IPrescribed number of consec-

lutive MLS range/azimuth meas-

lurement data-good 'fails' to

force inhibit of MLS processing

and allow TACAN processing

Position vector of MLS azimuth

scanner in M50 coordinates

Earth-fixed MLS azimuth scannerl

position vector

Updated vehicle position vector
associated with current

covariance matrix

General position vector in

earth-fixed coordinates

IPosition vector of MLS

lelevation scanner in M50

Icoordinates
I
i

I

A-23 (STS-I)
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| ! ! I I
! I I I I

I Variable Name I Data I Initial 1 Coord I

,' __ ..... __ I Twe L__Xa______J__ Frame I
I
!

IVAR_UNMOD_ACC_

IDT_COAST
i
!
i
i

IVAR_U_ODJCC_
IDT_IMU
i
I

I
I

II_CURRE_
I
I
!
!

I__CURRENT_.FILT
I
J
I
J

I
I

I__CURRENT_

IFILT_ONE
I
I
I
J

I__CURRENT_

IFILT_THREE
I
I

I
I

__CURRENT_

_FILT_T_O
I
I

i
i

I_ _FILT
I
I

I
I

{i _FILT_INIT
I
I

I
I

II _FI LT_ONE
I
I

i
I

II..FILT_THREE
I
I

I
I

IE _F I LT_TWO
I
!

I
I ,

I
!

IVariable Description
i

I

I S Pad - Variance of unmodeled

acceleration times scale time

!during unpowered flight

S Pad - Variance of unmodeled

acceleration times scale time

Iduring" powered flight
I
i

V(3) 0 M50 IGeneral variable for current

tIMU accumulated velocity
I
!

V(3) 0 M50 ISnap of IMU raw velocity
Icounts reserved for

[measurement processing
!
l

V(3) 0 M50 ICurrent accumulated IMU one

Ivelocity counts reserved for

Imeasurement processing
I
l

V(3) 0 MSO ICurrent accumulated IMU three

, , Ivelocity counts reserved for

_measurement processing
i
I

V(3) 0 M50 ICurrent accumulated IMU two

velocity counts reserved for

measurement processing

V(3)

{ OPS 21

OPS 3

I V(3)
l
I

i
l

Iv(3)
l
l

J
#

I v(3)
I
I

t
t

Iv(3)
!
!
!

M50

M50

M50

M50

Shuttle current velocity
vector

Shuttle velocity vector for

{OPS 3/OPS 2 initialization
I
!

IShuttle velocity vector,
State I

Shuttle velocity vector,

State 3

p

_ _L .... L ...... I ......... I

IShuttle velocity vector,
IState 2
i

............. l
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DEORBIT/LANDI NG_NA V_SE QUE NCER

I, \
I
, \ I OPS_ 3_ \

I BEGIN \__I RECONFIGURE >....

I _ 301 / I : OFF /

I__ _J I _ /

I I
_1 I

' EXECUTE Ap_q ' B3

I INITIALIZE CODE I
I !
I....... I

I i
! !

,'OPS._3_RECONFIGURE I
I I,:ON
I I

I I
I I

,__I CANCEL NAV_ENTRY I B-tO
I I
I ....... • ......... |

I I
I
, SCHEDULE NAV_ENTRY; REPEAT EVERY I B-IO

I
I

I
I

II DT_DEORB_PREP_NAV
I

I I__

I, \

I INITIATE_PWR_\ I l

I FLIGHT_NAV_ >...... I CANCEL NAV_ENTRY I B-IO

I EVENT : ON I I ....... I
I.............! I

I
_L ..........

I I
I DEORBIT_BURN : ON I
I .......I

I
!

I

! !
I I
I
, SCHEDULE NAV_3_NTRY; REPEAT EVERY I B-IO

IIDT_DEORB_PF__NA V II
I I
I ...... I

(CONT)
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